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ALMA'‘s red-sky silhouette 


‘These satelite sthouettes that siti front ofthe red sky are just some ofthe satelites that make 
Lup the Atacama Large Milimetre/submilimetre Array (ALMA), which resides in the desert of 
Chile There are 66 telescopes in total, and together they make up a word-class radio telescope 
anray that has captured some amazing sights of the cosmos and provided vital data for research. 
The atmospheric conditions inthe Atacama Desert are ideal for astronomy, ast s dry and mostly 
cloudless ~ providing roughly 300 clear nights a year - but can also provide some amazing scenic 
sights, such as this one. 
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Celebrating Earth 


22 April was a day of appreciation as Earth Day 2019 was celebrated around 
the globe. This day led to much reflection about our home planet and many 
pictures were posted on social media of our big ‘blue marble’ from space. 
[NASA captured this view of the eclipsed Earth in September 2017 using the 
‘Suomi National Polar-orbiting Partnership (Suomi NPP) satelite, which was. 
developed by the space agency forthe National Oceanic and Atmospheric. 
‘Administration (NOAA). On the face of Earth, hurricanes can be seen ising 
near the centre of our home world, 


Healthcare benefits from 
Space Station experiments 


‘The Intemational Space Station (15S) isa hub for scientific 
‘esearch, providing the most unique laboratory in human 
history. Microgravity can't be experienced on Earth for obvious 
reasons, so astronauts must conduct scientific experiments 
while on thelr expeditions. inthis instance, low-temperature 
‘plasma (ionised gas) was tested in microgravity, as our gravity 
‘would flatten complex 30 plasma, and is now being used to kill 
drug-resistant bacteria on Earth and treat the wounded. 


Event Horizon 
. Telescope's 
galaxy 


. . ‘Messier 87, the focus of the 
. Event Horizon Telescope (EHTYs 
recent black hole news, has been 
pictured here by the European 
Southern Observatory’s Very 
Large Telescope. This gigantic 
celiptical galaxy Is located 55 
rilion light years away, the 
supermassive black hole at its 
‘centre creates ajet of particles 
traveling at velocities close to 
the speed of light, which can be 
seen shooting out of its heart 
‘These ‘relativistic ets, as they are 
known, were not imaged by the 
EHT as they are so extensive, 


Martian 
dust devils 


Mars isnot completely obsolete 
Its thin atmosphere is negligible 
in comparison to Earth’, but it 

is stil able to whip up abit of a 
‘wind. The gusts on Mars are able 
to create the ‘dust devils’ shown 
here on the surface by the ESA/ 
Roscosmos ExoMars Trace Gas 
Orbiter. Dust devils occur when. 
hot air on the ground moves 

up through the atmosphere 


as via columns of cold air. They 
are shown in this image with 
blue/grey streaks in order to 


the Martian surface. 


‘emphasise their abundance on 
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Preparing for Mars 2020 


NASA's new Martian rover, Mars 2020, isd 
pictured he amination at the Spacecraft 
‘Assembly Faciliy’s High Bay 1 clean room at NASA's Jet Props oratory 
In Pasadena, California, United States, Before the spacecraft can be launched 
engineers have to test the cruise stage extensively, as it holds the hardware that 
will guide the Mars 2020 rover to its intended destination 


( 


0 launch around July 2020, 


Somewhere 
over the 
rainbow 


Northrop Grumman ~a United 
States-based aerospace and 
defence technology company 

recently launched a Cygnus 
spacecraft from NASA\S Wallops 
Flight Facility in Virginia, United 
States, its destination, the SS. 
Within the Cygnus cargo 
spacecraft s 3,450 kilograms 
7.600 pounds) of technology 
pivotal for scientific investigation 
Including gels, tools to measure 
body fluids, wearable sensors to 
study ageing effects and even a 
fleet of small robots. This launch 
marked the Ith cargo flight to 
the ISS by Northrop Grumman, 
and it was treated to a rainbow in 
doing so. 


29 years 
of Hubble 


Astronomers celebrated the 
29th anniversary of NASAJESA'S 
Hubble Space Telescope by 
snapping.a shot of the colourful 
Southern Crab Nebula. The 
official name of the Souther 
Crab Nebula is Hen 2104, and it 
Is located in the constellation of 
Centaurus, What's extraordinary 
‘about it is its amazing hourglass 
appearance and the smaller 
figure-of-eight at the centre; the 
result of a binary star system at 
its core. The stellar pair consists 
of an old red giant star and an 
already-aged white dwart star. 
‘The outfiow of gas from the red 
sant, along with the gravitational 
interaction between the two, led 
to this majestic hourglass shape, 


5 
F 


physics into thelr theories of how the 
‘cosmos works, a new study reports, 

The revised expansion rate i about ten per cent 
faster than that predicted by observations of the 
universe's trajectory shortly after the Big Bang, 
according to the new research, The study also 
significantly reduces the probability that this 
disparity is a coincidence, from 1 in 3,000 to just 
‘in 100,000. 

"This mismatch has been growing and has now 
reached a point thas really impossible to dismiss 
2. fluke” study lead Adam Riess, a professor 
‘of physies and astronomy at The Johns Hopkins 
University in Baltimore, US, said ina statement 


he universe is expanding faster than 
expected, suggesting that astronomers 
‘may have to incorporate some new, 


‘Theuniverseis i 
expanding atarate / 
= thats ten percent 

© faster than predicted 
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"This isnot what we expected! said Riess, wlio 
‘won the Nobel Pize'for physics in 201, along with 
Brian Schmidt and Saul Perlmutter, for showing, 
Inthe late 1990s, thatthe universe's expansion is 
‘accelerating, I's unclear what's crying this surprising 
‘acceleration, but many astronomers invoke a 
mysterious, repulsive force called dark energy, 

In the new study, Riess and his colleagues used 
the Hubble Space Telescope to study 70 Cepheid 
variable stars in the Large Magellanic Cloud (LMC), 
‘one ofthe Milky Way's satelite galaxies. Cephoid 
Vatlables dim and brighten at predictable rates. 

‘and are therefore ‘standard candles’ that allow 
astronomers to calculate distances 

Riess and his team also incorporated observations 
made by the Araucaria Project, a collaboration 
Involving researchers ithe United States, Europe 


“This mismatch has been growing and 
has now reached a point that is really 
impossible to dismiss as a fluke" adam Riess 


IN COOPERATION WITH 


SPACE: 


We might need new physics 
to explain the universe ......... 


‘and Chile who studied various LMC binary star 
systems, noting the dimming that occurred when 
‘one star passed infront ofits nelghbour. This work 
provided additonal distance measurements, helping 
the study team to improve their understanding of the 
Cepheids intrinsic brightness, 

‘The researchers used all of this information to 
caltuate the universe's present-day expansion rate, a 
value known as the Hubble constant after American 
astronomer Edwin Hubble, The new number is 
about 74,03 kilometres (46 miles) per second per 
megaparsec ~ one megaparsec is roughly 3.26 
milion light years 

The ‘expected’ expansion rate, bycontrast, 
is about 62:4 llometres (41.9 miles) per second 
'per megaparsec. This projected rae is based on, 
‘observations that Europe's Planck satelite made of 
‘the cosmic microwave background » the ight eft 
‘over from the Big Bang that created the universe 
13.82 bill years ago. 

"One isa measurerert of how fast the universe 
Is expanding today, as wo see it, The other Isa 
prediction based on the physics of the early universe 
{and on measurements of how fast it ought to be 
‘expanding Riess added, "if these values don't agre, 
there becomes a very strong ikelinood that we're 
‘missing something In the cosmological model that 
connects the two eras." 


Secrets of tiniest star ever 
revealed by passing asteroids 


‘Words by Samantha Mathewson 


(st stars in the night sky are too far away to be 
‘measured accurately, even by the best optical 
telescopes. However, astronomers leveraged 
a method known as diffraction to overcome the challenge. 
Dithaction occurs when an object, such as an asteroid, 
passes in front ofa star, creating a shadow called. 
jcultation. As the asteroid passes in front, astronomers 
‘can calculate how long it takes forthe light to fade. 
Knowing how fast the asteroid is travelling, astronomers 
determine the size of the star, and! more prec 
the diameter of several distant st 
Using the Very Energetic Radiation Imaging Telescope 
Anray System (VERITAS) atthe Pred Lawrence Whipple 
Observatory in Amado, Arizona, astronomers carefully 


tracked the asteroid Imprinetta as it passed in front of the 
star TYG 55172271 on 22 February 2018, Roughly 300 
Images per second were captured to accurately measure 
the diffraction pattern in the asteroids shadow, 

Data from VERITAS revealed that the diameter of the 
sar, which is 2.674 light years from Barth, is 1 
sreater than that of Earth’s Sun. This sta, now classified as 
aed glant, is thus much bigger than previously thought, 

Astronomers were able to repeat this new technique 
When the 88:kilometer (55-mile) wide asteroid named 
Penelope passed in front of the Sun-like star TYC 278748: 
Jon May 22 2018, This star, located 700 light years from, 
arth, isthe smallest star measured in the night sky to 
date, the researchers sai 


Marsquake! NASA's InSight lander feels 
its first Red Planet tremor 


Words by Meghan Bartels 
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Astronomers finally spot 
universe's first molecule 


Words by Samantha Mathewson 


flying observatory has pinpointed the first ty 


‘molecule that formed in the universe after the Big 


Bang, Helium hydride - a combination of helium, 
‘and hydrogen was detected roughly 3,000 light years 
from Earth by NAS 

Astronomy (SOFIA), The molecule was found in a planetary 
nebula, 7, the dusty remnant of a Sun-lke star. 

1 after the Big Bang, 
of radiation for atoms 
afew types of atoms 
;ogen, helium and ithium. He 


For hundreds of thousands 
the universe was to 
to bond together. Att 
existed, inclucing 
the new study shows that 100,000 
the universe cooled enough for helium and hydrogen to 
nine, forming the molecule known as helum hydride 
While helium hydride 
laboratory setting. this discovery marks the first time that 


been produced and tested in a 
the molecule has been detected in space - which shed! 
light on the chemistry ofthe early universe, according to a 
statement from NAS 
ut there, bu 
the right instruments making observations In the right 
position ~ and SOFIA 

e, dtector of the SOF 

said nthe 


pe to do that perfectly” Harold 
nce Center in California 


led down, hydrogen atoms started 
18 molecular hydrogen, 


to interact with helum hydride, 


Stratospheric Observatory for Infrared 


ars after the Big Bang. 


Noc7027, 
aplanetary 
nebula in 
Cygnus 


forrmation. From that point on, 
stars created the other elements ofthe cose ring to 
the statement 
NGC 7027 h 
hyde since the late 1970s. Utravioet radiation and 
o believe that is 
ble for helium hydride tof 
rere unable to confirm this the 


been a location of intrest for helium 


ar led scientist 


“This molecule was lurking out there, but 
we needed the right instruments making 
observations in the right position” narota yorke 


Tiny Mercury may have a solid 
metallic core that rivals Earth's rcs, megnanoares 


to new research based on data gathered 
by NASA's Mercury Surface, Space 
Environment, Geochemistry andl 
Ranging (MESSENGER) mission. That 
spacecraft spent four years circling 
the tiny planet before intentionally 
crashing on Mercury's surface. Now, 
scientists have used data from neat 
the end of the probe's mission to peer 
deeper than ever into the planet 
As the MESSENGER spacecraft orbited 
the tiny plane, the probe pinpointed the poles 
that Mercury rotates around. One ofthe instruments 
aboard also carefully measured small variations in 
local gravity 
‘Those variations cause a spacecraft to speed up or 
slow dovrn,justa hair, and are the result of patches of 


the planet that are more or less dense than the average. 
They were particularly detailed near the end of the 
spacecraft’s mission, when engineers sent the 
probe as clase as 105 kilometres (65 miles) 
above the planet's surface. 
Combining that information, 
scientists could build a detailed model 
‘of the tiny planet, then play around 
with variables like the size of a solid 
liner core and compare the results 
with reality, That modelling suggested 
both that Mercury should have a solid 
Inner core and that this core should be 
auite large. 
Infact, their most compelling model setting 
atured a solid inner core 2,000 kilometres (1,260 
miles) across, That's about half the size of Mercury's 
entite core, which takes up 85 per cent of the planet, 
Even by terrestrial standards it's huge; Earth's solid inner 
core is about 2,400-ilometres(500-miles) wide 
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Third planet 
found in two- 
star ‘Tatooine’ 
system 


Words by Mike Wall 


thd ond ks 


than its two siblings, a new 
study reports. "We certainly 
didn't expe 
planet inthe system” study 
‘co-author William We 
astronomer at San Di 
University sald ina state 
This was almost shocking, 
Kepler-47 isa roughly 35 
billion year old system located 


3,340 light yeas from Earth, 
‘One of its stars is quite Sun-ike, 
but the other is considerably 
smaller, harbouring just one 
third the mass of out Sun, The 
two stars orbit their common 
‘centre of mass ance every 745, 
Barth days 

Kepler-47b and ¢ complete 
‘one lap around the eircumbinary 
system every 49 and 303 Earth 
days respectively, Kepler-47d's 
oiital period i 187 Earth days 
whieh 1 
planet. And that came as a 
suprise; the team thought any 


ans its the middle 


additional planets in the system 
Would probably be exterior to 
Kepler-a7e 

These three allen wor 
unlike anything in our own 
backyard, sald Jerome Orosa 
also of San Diego Stat, they'e 
rach less dense than Saturn, 
Which isthe puliest planet in 

Such extreme pulfiness is 
‘common for searching ‘hot 
Jupiter alien world, which 
tele their host stars very 
tightly, But it's unusual for 

fe planets such, 

as the Kepler47 trio, 


"Three worlds have now been 
discovered around abinary 
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, ,Are astronomers any closer to 
pinpointing the mysterious object 
packed with dark matter? 
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Galaxy X 


W anderet 


¢ like to think of out galaxy as a Jone 
through the cosmos, sata 
ining inthe intergalactic gloom. But 


‘ompany along 


the 
But 


aln 
ast 
to 


Dwarf yalaxte 
Saying witin 14 
been disco 


edge of the Milky 
Theorised for years, 


none per cent the rass of the Milky Way 


most entirely of datk matter, the mysterious 


verses mass, But it's stil just a theory, While 
ronomers have the mathematic calculations 


idence. Despite thelr best 


all that might soon change int 


theoretical. But 


1 started looking for Galaxy X about ten yeas 


Sukanya Chakrabarty 


18 


(cs atthe Roche 


talking a 


nut this quip 


an assistant professor of 


3f Technology 


After authoring a paper on the potential e 
te galaxy in 2009, Chakrabarti has since 
te world’s lead investigator in the hunt for Galaxy 
X. And as she admits is been a long que 

Back in 2008, she and fellow astronomer 
Blitz analysed variations in the distribu 
fas found at the edge of the Milky Way. an 
dnt easily explain what they found. "t showed 
ery large perturbations on the outskirts ofthe 

edges of our galaxy says Chakrabart "This s well 
beyond the solar ile, so you wouldnt expect 
such large perturbations” Now, at this stage in any 
her hunt for a celestial objet, Chakrabarti igh 
have turned to telescopic data an looked for th 
disturbance herself, But with Galaxy X, nathing is 
er simple 

1 didn't make life easy for mysel she joke 
The calculations preferred a coyplanar merger - that 
is, the dwarf galaxy was orbiting roughly in the 

ne plane asthe Milky Way. And that means that 
if you were trying to look fr i, youd be having t 
deal with the dust obscuration close to the plane 
Sf th Unlike many dwarf galaxies, Gal 

X did't seem to be hovering above or below the 
Milky Way's plane, which would make it easier 
to see, Instead, the elusive system appeared to be 


Above: The 
distribution 
of dark matter 
Inthe centre 
ofthe giant 
galaxy cluster 
Abell 1689, 
containing 
about 1000 
galaxies 

and teillions 
ofstars,as 
captured by 
the Hubble 
Space 
Telescope 


Urbain Le 
Verrier, 

the French 
astronomer 
who predicted 
the location of 
Neptune 


Neptune's 
north poe, 
by NASA's 
Voyager? 


Below: 
A Cepheid 
variable sta, 
atype of star 
detected 
within Galaxy 
X.taken in 
the Milky 
Way by the 


“Even after including the gravitational effects of 


all the known players of the Milky Way, you still 
couldn't explain the disturbances” sukany abarti 


Galaxy X 


Dark matter 
galaxies 
Though hypothetical, 
these galaxies could 
be real examples 


Dragonfly 44 

This strange galaxy has around 
the same mass as the Milky 
Way, yet hardly any stars 
shine from its disc 

only one per cent the 
‘number seen in our 

home galaxy. This 

‘means it emits only 

‘ne per cent of the 

light t00, making it 

dificult to identity. 


999% 
Pattie matter) 


Segue 3 
Simaler galaxies tend to be 
proportionately richer in dak 
matter The galaxy with 

the lowest known 

mass, Segue 3 in 

the constellation of 

Pegasus, has 600: 

times more dark 

matter than normal 

matter, Amore usual 


Ol7% 
Dark matter EV isibie monte] 


HEO450:2958 
‘A quasar apparently floating 
freely in space, t may be a 
supeimassive black hole 
‘ejected from a nearby 
star-forming galaxy, 
a misidentification 
of a luminous galaxy 
as. a quasar of a host , 
galaxy so dim the 
quasar completely 
utshines it 
20, 
ise) 
[sie nae) 


NGC 1052-DF2 

This ultra-difuse galaxy 

In Cetus is one of two that, 

appear to have litle or no 

dark matter. Despite 

this the galaxies hold 

together, possibly 

suggesting that what 

we all dark matter’ 

‘may be an unknown 

effect of normal 

matter's gravity 
iS) 
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You are here 
(Our Solar System ties in 
the Orion Arm of the Milky 


» "To be convinced 26,006 htt ors om the 
that a distant galactic centre, 
galaxy is real, a " 

. sample of stars at a 
particular distance 
onthe sky must be iiss 


pe Sey aviational ass sok 
CONVINCINZ" alice quitien Shere should babes oil 
steer vals so Rope 


Invisible must be having an. 
effect ons 


Way 
home is hard to map, 
rve it from outside 


Galaxy x? 

On the other side of the 
galactic centre, hidden by the 
dise, the proposed location 
Of Galaxy Xis 280,000 light 
years from us. 


: : 7 4 Galaxy xX 


Srancenee : Seeing the unseeable 

“Armassive cloud of gas that es te 

Hinweis de hn : Although yet unobserved, there are 

Milky Way 70 milion years some telltale signs of Galaxy X 

‘go and snow coming back . m 
for more Tone survived, ‘ . Perturbed edge of Milky Way _Stars that brighten and dim 
itishypothdbised, it may be Bae Something was disturbing the hydrogen Four Cepheid variable stars wer found 
‘embedded in its own dark aes fas at the edge of our galaxy. These can 300,000 light years away using the 
* matter halo, twill hie the Tevea the distance, location and mass __VISTA infrared telescope, which can see 
Perseus Arm in roughly 30 Pa ; of asatelite galaxy that can'tbe seen through some ofthe dust at our galany’s 
rnllon years, . invisible light. The gas can be mapped core The Milky Way only extends 

+ withradio telescopes, and mathematical 48,000 light years in ther direction, so 
a s analysis of this data reveals the galaxies, they must be n another galaxy. 


Milky Way dark-matter halo 
‘AS muchas 95 percent of our galaxy 
‘is made.up of dark matter, extending 
well beyond the visible galaxy Into 

__ Intergalactic space: tt is densest in. 

+ the centre, roughly spherical and 
sets Jes dense as atance from the 
entre creases. 


Large, P 
Magellanic Cloud 
As our largest satelite 
‘alany approaches, its 
‘dare matter alo inter 


i i 

Andromeda Galaxy * Other satellite galaxies i 

» _. Although it appears larger than the Milky Galaxies such as the Sagittarius Fi 

P Way, Andromeda weighs about the same Dwarf and Small Magen loud fe§ * 

because thas less dark matter. This wil each have thelr own dark matter 

became very important when the two haloes. Their mass increases as i 

‘alales merge in 4.5 illon years! time, the glans merge 5 

s a 


Catching a a i " 
ee kh, The kind of dwarf galaxies that we've been 


Galaxy X finding lately are much fainter than we had ever 
a ieee hoped we'd be able to find” sukanya chakrabarti 


Infrared Mid-Plane Survey 
Extraordinaire, oF GLIMPSE, 
uses the Spitzer space 
telescope to survey the 
galactic plane, meaning that it 


te 


‘Magellanic 
Cloud, a 


will cover the area Galaxy Xis Uae 
{expected to bein 
Spitzer is an infrared 


Spitzer Space 


[NASA in 2003 from Ca 
‘Telescope 


Canaveral with a plann 
mission lasting 


2009 and bb 
‘Space Telescope in 2021, have 


Spit 
Telescope 
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Interview Brian Cox 


Professor Brian Cox 
Brian Cox OBE isa popular 
science communicator, 
professor of particle 
Physics at the University of 
Manchester, England, and 
former rock star. His work 
has been viewed and read by 
millions, wth multiple books 
‘explaining complex areas 
‘of scence and astronomy 
as well as his popular BBC 
television series Wonders 
(of the Solar System in 2010, 
co-presenting Stargazing Live 
{and soon his brand new show 
The Planets. 

His abilty to explain 
‘science to a wide audience of 
people with different levels of, 


Brian Cox 


THE ORDER OF 
THE SOLAR SYSTEM 


All About Space speaks to the physicist about our unique place in the 
universe ahead of his new show The Planets and reveals what he believes 
will be the future in the colonisation of the Red Planet 


Interviewed by Lee Cavendish 


‘Was there anything you learned from filming, 
‘The Planets that you didn't know before? 


“It's quite natural for us to focus our 
eyes on the Earth alone and think we're 
isolated from the rest of the universe” 


Interview Brian C 


potentially 
habitable moon 
of jupiter 


quincautee yniwee mapesea'deeo "There will be Martians if we're to have 
; a future. At some point we will be the 
Martians. That's clear to me" 


Do you think there's a greater threat to Barth 
from humans, with climate change, or outside of 


Earth, for example an asteroid collision? 
Ultimately, watch films im 
a d.Tthink there’ it, but 


very dynamic and plane 
wer the place in the early yeats 


The Planets 


Brian Cox revisits the Solar System with 
‘new show The Planets its debi 


‘of the Solar System reveals how 
lucky Earth has been with its planetary 


What gaps do you think there are in our 
knowledge of the Solar System and where 
‘would you like to see visited next by human 
space probes? 


planetary systems. 


“The next big mission from NASA is the Europa 
(Clipper. t's a Jupiter orbiter, but i's focused on 
{its moon} Europa | think the big questions now 
are astrobiology, which we deal with in a couple 
of the other programmes in the series with the 
‘question is there lif, particularly on Mars and on 
some of the icy moons? That's what the Europa 
Clipper mission is designed to answer, and it's also 
designed to scope out landing sites on Europa and 
tny and understand whether it may be possible to 
‘get Something into the ocean below the icy surface, 

J expect after the Buropa Clipper, the next one 
after that would probably be a Titan mission, 
Titan isa ined moon with avery thick 
atmosphere. I has aliquid. 
surface, along way down, and it has the most 
complex organic chemistry of another body other 

thn the Solar System, There isa plan 

to put what is essentially, helicopter onto Titan 
in the form of a drone. That's great because the 
sravity of Titan isa ninth of Earths gravity and the 
atmosphere ts denser than Barth’, so you can fly 
anything around 

{think astrobiology is going tobe the focus 
the next two big NASA missions, Beyond that we'd 
like to see orbiters around Neptune, There's a lot of 
pre arouel Nepeue, but its 
very, very difficult 


er ocean below the 


than the F 


ure to put an obit 


‘What are the ethical considerations in colonising 

feat that Elon Musk hopes to accomplish? 

jpetb question. Ina sense, f there's no le 
‘on Mars then ¥ clon’ think the ethical consideration 
arses, But there are microbes, and we think 
about this very carefully in terms ofthe places we 
Tand on Mars and the way we treat the spacecraft 
‘out there, we do not want to contaminate it ith 
Earth microbes, 

There's. scientifc reason for that, which is that, 
if here ts life there, ie tose ifthe 
a second genes, or whether there was a single 
‘genesis om Earth ot Mas, because we know organi 
material can be transferred between planets, Soi 
ruins the science 

Interms of ethics, we can go into quite a deep 
philosophical area I think. I's how important 
netobes are, Now, they e important sciotiically, 
of course, hut the ‘Muskian view’ = which is actually 
what's called the ‘O'Nellin view, going all the way 
‘back fo a famous author called (Gerard O'Neil who 
wrote a great book called The High Frontier -the 
ile i that intelligent civilisations are extremely 
rare and valuable and cannot survive for very long 
‘on a single planet, So there's that philosophical 
‘end which has been there since the 1950s, think, 
before. e's the idea that we as a species 
need to see ourselv 


as a space-ating species 
that is part ofthe Solar System that has acess to 
resources beyond the Fart 

[think we have fo be very careful from a 


scientific perspective about damaging potential 
‘ecosystems of Mats. We are already extremely 
careful i's called ‘planetary protection’ andl we take 
it very seriously. But, at the same time, | don’ think 
that can stop us from going to Mars It is actually 
the only place we can go beyond 

Earth in any plausible scenatio, 


Isay in the Mars episode, I actually make this 
case, [say that thete may not have been Martians 
anil we need to find out, but there willbe Martians 
if we're to have a future. At some poirt we will be 
the Martians, Thats clear to me, because we can 
stay here forever. The point is that O'Neil and a 
man called Robert Zubrin, who Musk is very heavily 
Influenced on all make this point thatthe great 
challenge on Barth a¢ the moment isto manage 

an expanding population, To manage a civilisation 
‘hat requires new frontiers, oth Intelectually and 
physieally, and is confined toa very small planet 
With alot of pressure on the 

here, The Solar System contains essentially infinite 
resources - it's elfectvely unlimited, 


‘What are your thoughts on exoplanet research 
‘and what it can tell us about the past and future 
‘of the Solar System? 

The great shock when we looked 
systems was that they were not arranged lke ours 
When 1 was at university, you tended to build 

theories that said the rocky planets form el 
the Sun and the big gas wants form further out, 
and we hac! loads of plausible theories why that 
Would be the case until we looked and saw that i 
as not the case in most other solar systems. And 


atother sola 


that’s why I think one ofthe driving factors behind 
rather convoluted model, like the grand tack 
model, s because then you star to say, "If 
‘obvious that the rocky planets form close to the 

star and the gas giants further out, why is our 
Solar System the way that iis" And that's driven 
fot of the modelling, So yes thas had a 
profound effect 


Right: 
lon Musk has 
announced 
ambitions to 
‘colonise Mars 


Below: 
Rovers like 
NASAS 
Opportunity 
haveassisted 
nour hunt for 
Mfeon Mars 


Brian Cox (il 


Do you think it's a miracle that our planet exists? 
‘The more we lear, the more remarkable it seems. 
You can be misled with that line of argument 
because there area lot of things that have to 
hhappen to wet the specifies, and you can go right, 
back to lite collisions with grains of dustin the 
formation ofthe Solar System, or actualy, even the 
laws of nature themselves. We daeit even know 
Where the laws of nature came fom 

So, in a way, i's empty of information to say we 
ae lucky to be here. Even with each individual, 
think about the likelihood of you personally being 
here, what with your parents and grandparents, I's 
almost a miracle that each one of vs exists as an 
Individual, But what you do learn is that if you are 
Just asking the generic questions about planets that 
could have an ecosystem that supports evolution 
by natural selection for billions of years, then you 
do find something valuable: the story ofthe Solar 
System, You look at it and think, "Well actsaly, 
there are ao of things that had to happen to keep 
this planet stable 


=) FUTURE TECH Triton Hopper 


TRITON 
HOPPER 


NASA's proposed mission to Neptune's largest moon 


hile NASA's Europa Clipper mission 
gathers momentum for its upcoming 
adventure to Jupiter's icy moon 
in 2023, NASA is also preparing 
for another moon mission ~ one that wil take 
humankind to Neptune's moon Triton, 
‘Triton is the largest moon of Neptune and the 
seventh largest moon in the Solar System, but it 
is abit of an oddball, Triton was first visited ~ and 
‘til, only ~ by NASA's Voyager 2 probe in 1989, and 
Scientists found it to be very pecullar For starters, 
Itorbits in the opposite direction to the rotation, 
lof Neptune, ts surface looks young, with a lack 
‘of impact craters, and even exhibits geysers and 
winds, suggesting itis a geologically active body. 
These indicate that Triton is not a moon, but likely 
1 world captured from the Kuiper Belt. Triton 
could actually bea mislabelled Kuiper Belt Object 
(80) captured by the gravity of our Solar System's 
furthest known planet. Triton is larger than the 
‘dwarf planet Pluto, and is visually similar to the 
‘dwarf world, This makes Triton an attractive target 
a8 It provides an opportunity to study a relatively 
nearby potential KBO that is also geologially active 
‘To successfully send the probe to Triton, 
astronomers want to utilise an eclectic combination 
‘of solar-eectric propulsion and an aerocapture 
‘system, which would reduce the Hopper’ velocity 
to allow it to enter an eliptical orbit around the 
celestial body. This jouney would take roughly 12 
years from Earth, This provides a quicker trip time 
‘compared to other options and these technologies 
are continuing to improve as time goes on, 


“Triton is the largest moon of Neptune 
and the seventh largest moon in the 
Solar System, but it is a bit of an oddball” 


‘The aim of the mission is to land the Triton 
Hopper inthe southern hernsphere of Triton which 
will eventually travel towards the equator over 
a two:year period, hopping once every 24 days, 
“Athough the project is only inits preliminary stages, 
having entered phase two in March 2018 which 
wll continue to iron out the details on paper - the 
ideas being suggested are briliantly creative and 
very efficient 

‘The gravity on Titon is roughly only eight per 
‘ent of Earth’ gravity; this would mean that 
not as much propellant is needed to hop across 
the surface to examine the diferent terrain and 
atmosphere, The Hopper would use a radioisotope 
heat source to keep the probe from freezing in the 
dark, cold depths ofthe Solar System, but the space 
probe wil also look to use this heat to mine and 
melt frozen nitrogen from the surface. This frozen 
nitrogen could replenish the fuel tank and means. 
astronomers and engineers don't have to rely 
purely onthe fue they send with the mission, This 
‘ll hopefully power jumps that reach a kilometre 
(0.6 miles) high and five kilometres (three miles) 
long, transporting the roughl-450 kilogram (992 
pound) space probe across the surface. 


Above: 
‘The difference 


Triton Hopper [iii 


MH Solar eclipse 


fackouts aren't usualy an event that 

‘people look forward to, but when a total 

solar elise occurs, people come from 

allover the world to embrace every 
‘second, Although there are lunar eclipses = whee the 
Moon enters Earths shadow, or‘umba’ behind the 
Sun = and planetary eclipses ~ normally associated 
‘with the transits of Venus and Mercury = nothing can 
beat a total soar ecipse. 


A 


Solar eclipse i 


across the South Pacific Ocean, Chile and Argentina, 
Other countries in South America will be able to 
“experience a partial eclipse, such as Paraguay, 
Bolivia, Brazil, Peru and Colombia. 

Ful eclpses are extremely rare as they requie a 
‘new Moon, which then needs to ross paths with 


Solar eclipse 


Large areas in Chile 
‘and Argentina will 


The majority of South American 


countries can enjoy the eclipse ‘experience a partial 
to different degrees tela, wel 


> ‘American countries, 


Islands in the South Pacific, 
such as French Polynesia and 
the Pitcairn stands, wll see a 
high percentages of coverage in 
the early morning of 2 July, 


Sun versus the Moon “The workings of a 


‘Due tothe fact the Sun is 400:times 


farther away from Earth than the solar eclipse 


Moon, its monstrous size is concealed 
by the neartyy Moon. 
The main shadow 
The centre ofthe Moon's shadow 
~ the umbra ~is what causes the 
blackout over areas of the world. 


Path of totality 
The new Moon ‘The penumbra is the weaker shadow 


Asolar eclipse coincides the covers other areas ofthe globe, 
with a new Moon, and ‘Producing partial eclipses. 

‘occurs when the Moon 

crosses the Sun's ecliptic. 


4. End of 
the eclipse 
The eclipse 
wil finish 
with the 

Sun setting 
Argentina 
just south of 
Buenos Ares 


2, Entering the mainland, 
The path of totality wil fist 
‘enter mainland South America 
in chile. The best place to see it 
isLa Seren 


August 2017 saw the solar eclipse dubbed 
The Great American Belpse its path of totality 
stretching from the West to the East Coast ac 
the United States, as well as the Pacific and Atlant 
‘Oceans. Almost two year later the world is about 
to bear witness to another eclipse that will not 
only create an amazing spec 


to for general 
members ofthe public. but also provide scientists 
with an opportunity to study the most elusive and 
Intriguing area of the § 

The eclipse will bea 
GMT (1255 EDD ayer the 
totality wal be 


as a partial eclipse at 1655 
Pacific Ocean before 
nto cast a shadow on the land over 
(Geno Island a Britis teritory making up part of 
the Pitcairn Ilana n the South Pacific Ocean at 
1824 GMT 1024 PSI). From there it will travel 
southeast through La Serena in Chile and San Juan, 


Rlo Cuarto, Venado Tuerto, Junin and Pergamino in 
Argentina, 1 wil ast miss Buenos Altes Argentina, 
antl Montevideo, Uruguay, as it travels south of 


these cities. The end of totality will each the 
Allantc Ocean just before sunset at 20610 GMT 
(740 ARM 

The south of Uruguay and the capital of Calle 


Santiago can still experience a large majority of the 
Sun being blocked out, at last 90 per cen, in fat. 


A partial eclipse is caused when the Moon creates a 
‘penumbral shadow, casting a less intense shadow 
on Rarth's surface. Paces as far as French Polynesia, 
south Peru and Bolivia could even see atleast 50 


per cent coverage. However. tis the 100 per cent 
totality that produces the most awe-inspiring 
ws, and that is why people will lok towards its 


path through Chile and Axgentina 


‘Top: Special 
eclipse glasses 
allow safe 
viewing of 
theSun 


Above: The 
Sun's corona 
is only visible 
from Earth 
during total 
solareclipse 


Solar eclipse 


destinations to 
see the eclipse 


La Serena, Chile 
Partial eclipse begins 
1722 CLT (19:22. GMT) 
Totality 

1638 CLT 20:39 GMT) 
Duration of totality, 

2 minutes 18 seconds 
Partial solar eclipse ends 
1746 CLT (21:46 GMT) 
Amount of eclipse 
100 per cent 


15:23 CLT (19:23 GMT) 
Totality 

16:39 CLT (20.39 GMT) 
Duration of totality 
2minutes 25 seconds 
Partial solar eclipse ends 
W247 CLT (2147 GMT) 
‘Amount of eclipse 

100 per cont 


San Juan, Argentina 
tal eclipse begins 
16:26 ART (19:26 GMT) 
Totality 

1740 ART (20:40 GMT) 
Duration of totality 

36 seconds 

tial solar eclipse ends 
1842 ART (2142 GMT) 
‘Amount of eclipse 

100 per cent 


Rio Cuarto, Cordoba, 
Argentina 

til eclipse begins 
16:30 ART (9:30 GMT) 
Totality 
17:41 ART (20:41 GMT) 
Duration of totality 
{minute 59 seconds 
Partial solar eclipse ends 
Sunset 
‘Amount of eclipse 
100 percent 


Buenos Aires, Argentina 
Partial eclipse begins 


16:36 ART (19:36 GMT) 
Totality 

17-44 ART (20:44 GT) 
Duration of totality 
None 

Partial solar eclipse ends 
Sunset 

Amount of eclipse 

997 per cent 
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Left: Full 
totality will 
Deseen from 
Rio Cuartoin 
Argentina 


Below: A 
total eclipse 
creates the 
iMusion of a 
diamond ring 


eather is a factor that must always be 
taken into account when planning an 
outdoor observing trip such as this one" 
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Yuri's t path Als Wadowice ont 

Gagarin was calm prior to his ascent Gagarin was able to see the outer 

into space, despite being the first ‘iran ee co P 

human to do so 


i 
a 4 £e . 


| GE cagarin's module 
TheVostokTspacecrat 
/ hhad.a spherical descent 
module fitted witha 
| toatl Itcontained 


| | escape system, including 


Dp CELA AE eT SA RESO LAL PCA RESIS DPSS ES ETA SSE 


MOR MOR RO OR OR a 


av Yuri Gagarin 


fone cosmonaut had done so om 7 Api ust five 


“Rumours surfaced that the J" 
Soviets had successfully cosmonauts? 
launched a man into space 
before Gagarin” 


from [the efects of his 


hadi even left the ground v 
newsstands, and it eaused somethin 
fst whispers of a conspiracy theor pace, his penchant for risk taking such thatthe 


then 34-yearold pilot 
the task, And 


auld have surely relished 
went that hi 


him physical harm and mental angui: 
‘even a suggestion that the accident hal put his, 
The space vessel reportedly wa 
ashin was mentally 


Trouble 5 said his nf 


this mission had - according to the pi ame fon that be cou 
ot gone quite as well as planned That is why, it ane and that Russian officers dered the report 

has long since been claimed, lyushin’s fet wat Indeed, the Soviet Union claimed Ilyushin was sn ‘ 

ast aside in favour of Gagarins successful launch hospifal beng teated fo injuries had received in Ae yantOWeK 


and landing sear accident et carried 
Tiyushin was a Sov atest pilot of Sovlets were not the only ones blinking with Gagarinand 
idand al this, F did not belive the Vostok t 

alist cla spacecraft to 

ecretary (0 the cnbital altitude 


Below: 
"Thegeneral 
consensus 
{sthat Yuri 
Gagarin was 
the ist to 


orbit the Earth 


Below right: 
‘The Vostok 
Leapsule 
used by Yuri 
Gagarin, 
which is 

on display 
outside of 
‘Moscow at 
the RKK 
Energiya 


reporters that there was no evidence of a flight on 
7 April and, we have to assume, nothing to have 
raised suspicion in March either. NORAD space 
tracking stations, it transpired, had not picked up 
on anything, and the US was not abot ole 
in and heap embarrassment on the Soviet Union 
without proof 

‘And yet, ever this Wasn't enough to completely 
quell suspicion. Some joummalists reckoned the 
claims ofa car crash were a mere cover story, and t 
certainly wastit beyond the wildest of imaginations 
torbelieve the Soviets would seek to bury a mistake 
since it had been done so many tines inthe past 
What's more, inthe framework ofthe Space Race 
reason for trying to bury suc a fallure the Soviets 
would constandly pull out all 
‘communism as the superior ideology 


cists could surmise there was a valid 
¢ stops to present 


But s that, tether with unknown journalistic 
sources, reason enough to believe that Gagarin 
plac tn history was not quite what it was? Ogden 
‘ould later claim that he saw a photograph of 
Hiyuishin wearing space gear atthe time ofthe 
supposed fight, but tha 

surfaced, Meanwhile llyushin himselt - who died 


ver subsequently 


12010, aged 82 
ino space He lived to tell he claimed tale, but 
notably dd not 

jig” What we have seen, however, ae rumours 


continuing to swin long after the event, and they've 
‘even been fleshed out, One ofthe most notable 
Was a 52-minute documentary i 1999 ealled The 
Cosmonaut Cover Up release! by Global Science 


Productions and directed by Dr Eliot Haimofl 
who, in the following year, also helmed Vladiir 
Hyushin: The Real Fist Man in Space, 

Widely broadcast, it claimed llyushin had failed 
to eject frou his capsule, crashed into China and, 
after being captured, was eventually handed buch 
to the USSR in 1962. The documentary makers suid 
Fyushin wouldnt talk about the alleged incident: 
fn camera and preferred to maintain his secrecy 
‘But was llyushin so fearful tha, in verifying such 
claims, he would open himself up to a world in 
Which he did not wish to boldly go? Given that the 
documentary was being made a number of ye 
ater the collapse of the Soviet Union, when secret 
were finally being divulged and historical events 
were being flung open, you would suspect not 

In fact, the Soviets began to open up well belor 
the USSR ceased to be, In 1980 the West finally 
learned of the death of Valentin Bondarenko, Yh 
died ten days into a 15:dlay low-pressure endutance 
‘experiment in Moscow In 1961 when fire brok 
cut, even. though they had remover his ima 
from an official subsequent taining pho 
It took longer to tell the world of a major 
launchpad accident which took place an 
24 October 1960 and offically killed 78, a5, 
eventually revealed to the rest ofthe world 
1111989, There's talk: of Gagarin being used 
for propaganda, but ofall he confessions 
and documents seen since the Soviet Uno 
collapsed, Ilyushin has never featured. 

‘And yet there have been some peculiar 
evidence 


ple ‘wo lalian former 


“Ilyushin himself - who died in 2010, 
aged 82 - never confessed to having 


flown into space” 


pbbted incon 
4b with 


Seonened Casing 


Hips athe 
al te aca 


eqeipmaed is Meo 


amateut rao 
hudiea Cordigia claimed to have recorded website pravda.ru, formed in 1999 by memb 


fy 


aAenis Sraphook 


(Pholes of i sel sug “ 


aidio from an orbiting capsule n the days before the editorial staf of the oldest Sov 


a 
say that not only was ¢ 


‘experimenter with Experimental Design Office 


ld these be hard-andfast “The cosmonauts were to reo 


js, then we would have to highest 


arin not the fist person _Barth* he added. But 
ps not first either, But run with headlines such 


ing the found on Mars, its a tough call 


a actualy the that cosmonauts had been sent into space in 1957, 


he flights 
officially published, 


ng Pravda has also 
‘Aliens forced Americans 
everyone involved out from the Moon’ and Alen and human skulls, 


“Hirde stil to determine is Ilyushin loation 
in March and Apnl 1961 The Soviets didnt help 
vake of claims by Mikhail themselves in this regard either because they 
ior engineer and couldn't givea straight answer about the reason 
Why he was seen to be injured - pinned down, 


Sequence of events 


++ Vladimir llyushin He is made a Hero of * 
becomes a Soviet the Soviet Union 
test pilot Having bulla reputation 
Born tothe Soviet asa pilot, tyushin broke 
aircraft designer Sergei records, bringing him to 
Vladimirovich tiyushin, the attention ofthe Soviet 
Vadimiryushin fulfiled space programme 


his dream of wanting to 
become a test pilot of 
the best Russian alrraft, 


+ llylshin Heads into space 
‘Newspaper reports suggested 
Inehad flown into space n 
secret on 7 Apr 1961 vas 
ater claimed a spacecraft failure 


Saw himind nha, a - 
the fst man in space 
(On? Apa 1961, Yur Gagarin 
Completed his ght and the 
Sovets named him not 
ivushin asthe fst man to 
Journey into space. 


@ ~ o o-3- o. o 


+ Yuri Gagarin enters 
flight training, 
Yuri Gagarin enols atthe 
‘Orenburg Pot School and 
sins his plot wings ina 
MiG, He became a senior 
Heutenant in November 1959. 


* Chosen asa 
prospective cosmonaut 
Having excelled, Yuri Gagarin 
is picked with 19 other plots 


during a secret selection 
process to find cosmonauts. He 
is chosen for elt training. ++ Picked to fly into space 


His progress was so good that 
hheand Gherman Titov were 
selected forthe first launch, 1 
also helped that he could fit in 
the Vostok capsule 


“Supposing Russia had suffered such Taare mteeT ier ior 


terrible space attempts, would it really it pen Ria Moe ch 


have announced Gagarin's flight?" 


termle space attemp resulted in death 
and crashes, would it really have announced 
Gagarin flight i the 

tually took place Oberg points out ina | 


Neither could they offer up a suitable explanation World magazine, the Russian news agenc 


nt in the origin 
7 deca 
Yet it's als 


quently used! asa front organisation by the 
1 inoligence agency - released ts fist bulletin 
wile Gagarin was stil irfligh, ft was wore 
about the potential for bad news, wouldnt ith 
been better to walt until the mission was over and 
ae the Iudica Sagatins feet were firmly back on the ground, 


Covdigha recordings with any data fim official rather than risk Gagarin’s spacecraft hitting the 


sources Listening stations ¢ 
claimed to 
astronomer B 

irell Bane Observator 


rot pick upon what same problems as the one claimed to have f 


and radia place just days before? 
never kn mentioned 


in Cheshire dav 


4 claims of earlier Rus d fe not around any mor 
Right The sce attempts in 1963. Even that, 


1981 ruble 


of Gagarin’s 
space Night 


Ministry of Dee 


Jue to an attempt to remo 
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itmight apart, but in truth there 
his mem instances such a this, 


Gagarin died ina psychiatric ward + 
Such was the burden on Yur Gagarin s 
shoulders, hes said to have Buckled, Sent toa 


Ilyushin was supposedly captured by 
the Chinese and held fora year, This 
's why, the theory goes, lyushin was 
‘not named by the Soviets, 


secret psychiatric ward, he fs aimed to have 
died in 1990, 


++ Yuri Gagarin dies in crash 
Yur Gagarin was plting a MiGr15 
» Launches as the training jet on 27 March 1968, butt 
first man into space crashed, He sadly ded that day, aged 34 
‘On the moming of 2 Apri 
1961, Yuri Gagarin went to 


space and wasn fight fr 
fone hour and 48 minutes, 

safely returning to Earth, « * Becomes an 

international celebrity 
Russia had brought attention to 
is feat whe he was siin the a 
and he became a instant hero. 
‘Vostok 1 was his only spaceflight. 


Below. Yurl Gagarin was hailed a 
hero upon his return from space, 
pictured here being given a huge 
reception in Warsaw, Poland 
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Focus on Copernicus 


Bering Strait ‘Alaska ‘The Netherlands Peru Uruguay 

‘The Copericus Sentinel ‘Alaska isan environment —) Amsterdam is peppered Bleeding surrounds It almost fooks ke 
satelite captured three radar beingheavily affected by —_incanals that constitute over the Chachani mountain in _an abstract painting, but 
scansof the BeringStrait and climate change. Copernicus 100 kilometres (60 miles) Peru, itisoneof the tallest itis actually the brown 
assigned them each acolour has been watching aver of the region. There are ‘mountains near the city sediment sich Uruguay River 
blue, red and green. Combing the US' most northem twoimportantreasonsto Arequipa. Thered ring that that divides its namesake 
these images shows how the state, andin this instance _-_-monitor Amsterdam using surrounds the mountain was country and Argentina, The 
sea ce varied over thefour the Copernicus Sentinel28 _satelites firstly, toobserve created with Copernicus’ ‘wetland systems area hub 
‘week peti. Thisregion satelitehas been watching urban expansioninto the _false-colourimage and shows fr exotic wildlife, including 
connects the Pacific and ‘ver the Columbia Glace. surrounding wildlife habitats. the land's vegetation, with 130 species of fish, 14 species 
‘Arctic oceans between ‘Thisslacier has been hithard Secondly, Amsterdam lies two different tones equating to _of amphibian, 104 species 
‘Alaska and Russia, and boy climate change over the metres (seven feet) below _ifferent vegetation types of bird and 15 species of 
the radar images were last 30 years, and has been sealevelandis susceptible to _inits annual cycle, Also ‘mammal A watchful eye 
ableto lerce through the shown to have retreated more flooding, With the increase in surrounding Chachani is ‘must be kept on this rare 
clouds, veryimportantfor than 20 kilometres (2 miles), sealevels, this isadanger that Arequipa's airport -at the haven tomake sure the 
‘observations na cloud-heavy thas shockingly losthalfof | must be monitored fr safety bottom of the image-and ever-changing world doesn't 
winter period {ts volume and thickness, ofthe residents, three volcanoes, damage this environment. 


ESA‘s Copernicus programme controls 
satellites around the globe, keeping a keen 
eye on our planet and producing stunning 
bird's-eye shots in the process 
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Sicily 

Copernicus has aso 
focused on Sicily, Italy, and 
the two main Aegadian 
islands - Favignana and 
Levanzo - with its near 
infrared capabilities. This 
camera channel emphasises 
‘the vegetation, whichis 
shown inthe overwhelming 
red, but the bright turquoise 
Colours represent salt 
‘marshes, These areas 
hhave shallow sea waters, 
windy coasts and abundant 
sunshine, which make for 
prime salt production 


pee ee 


stretches roughly 1,200 
slometres (750 miles) over 
eight different countries. 
France, Monaco Italy, 
‘Switzerland, Liechtenstein, 
Germany, Austria and Slovenia 
all havea part ofthe Alps 
‘within, and approximately 

20 milion people reside 
‘within their confines. This 
{tue-colour image shows the 
snowy: white head ofthe Alps 
‘nalts glory, with very litle 
cloud coverage inthe south 
of France. 


Kenya 
Nairobi is one of the 
fastest-growing cities inthe 
worl, The population has 
been growing by four per cent 
annually and is projected to 
have a population reaching 

five milion by 2025. Ths 
makes ita better time than 
any to tack and document 
the growth that currently 
Under steam inthis eastern 
African city especially with 
the environmental challenge 
of managing growing 

city without damaging the 
surrounding parks and forest. 


India 

Grooves, elevations 
‘and a picture of white, red 
and brown is what makes 
up this Copernicus image of 
Gangotr - one ofthe largest 
‘glaciers in the Himalayas, This 
Isalsoa main source of water 
for the famous Ganges River 
hich runs through India 
Unfortunately, it appears that 
Gangotri has been receding 
for the last 20 years, and the 
‘lacie has thinning, tf 
Itcarries on, an image tke 
this wil become more and 
‘more brown. 


Copernicus 


10% Zealand 
New Zealand, the 
sovereign island county in 
the Pacific Ocean and the 
land of The Lord ofthe Rings, 
'baland rch with Polynesian 
caiture and history But 
from space tis rich with 
ually magnificent lands 
‘his partieular Copernicus 
Image focuses on the Cook 
Strat that separates the 
‘north and the south islands, 
laminated on the east coast 
inthe bright turquoise of 
sediment being cated into 
the Pacific Ocean 
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SPACEFLIGHT 
BEFORE NASA 


The famous US agency has shaped space 
exploration for more than 60 years 
-but what led to NASA’s formation, 
and what came before it? 


Written by Giles Sparrow 


‘day NASA, the National Aeronautics 
and Space Administration, i a byword 
for the exploration of outer space, 
ranging from eveweet llahts to arth 

‘orbit and groundbreaking scientific satellites and 

robotic exploration of distant worlds Everswhen 

‘commercial companies or acadesnic institutions 

take the publicity for new breakthroughs ts often 

NASA funding that les behind them 

‘The agency was established some 60 years ago, 
and after winning the Space ace with the Soviet 

Union in the 1960, became the undisputed leader 

In world spaceflight ~ dwarfing the efforts of other 

regtonal agencies such as those of Europe, China 

anid Russia itself But the story of spaceflight before 

NASA is far from an allAmerian triumph the 

agency was bor In a tine of national crisis and 

‘owed much of ls success to advances made in 

cailler decades and other countries. 


‘The story begins in the i 
at the end ofthe Second Wo 
wartime alliance between democranic 
powers and the cotnmuntst Soviet Union hid been 
Vital to defeating Nazi Germany, the lst days OF the 
war saw newly liberated Europe carved Into Iwo 
‘major spheres of influence rom west and east. The 
prospect of a new long term confrontation between 
former allies was clear, and both sides were keen to. 
seize the spoils of war, ineluding advanceel German 
rocket technology, 

‘While the carly 20th century had seen rocket 
enthusiasts in several countries carrying out 
‘experiments and forming societies the oxkets 
appeal had been greatest in Germany, Here, 
‘scientists and dreamers had been inspired by the 
‘writings of eatty spaceflight advocate Hermann 
‘Oberth and their depiction in early sclenoe-fiction.- 
movies. When the Nazi party seized power In the 
«arly 19905, they too sa the rockers potent 


in 


ee 
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1 May 1957 8 August 1957 
‘The US Naval Research 
Laboratory fires a dummy 
satelite onto a suborbital 
flightpath usin the fist 
and third stages of its 
‘Vanguard rocket 


a weapon of wat: Some German rocket engineers 
n the military effort, but others found 
resist the lure of funding and politcal 


support, Most wete more interested in spaceflight 


than warfare, but the engineering problems wer 
the same - teaching space would require a rocket 
far bigger than anything built so far, ancl the same 


rocket would have the potential to deliver a deadly 
bss unas of mi 
jw, andl by the time the 


‘explosive payload 
But progre 

2 rocket, mastermin 

Wernher von Braun, was teady for production 


4 by engineering pent 


cond 


Germany had already be 
World War for several year 
3 London in i 


terrifying death from the ski 
affect the 

A Germany 
the various allied powers were keen to obtain 


Dut came too late t 
stcomie of the wat as a whol 
defeat became inevitable 
information on the V2 programme, Von Braun’ 
research centre at Peenerntinde lay inthe path 


f the advancing Red Army, bat when Soviet 


1s arived, they found the site stripped and 
the majority of i 
teary a 
the Americans 
the main V2 factory 
Inown as Mitte, where inmate 
Mittetbau-Dora concentra 
often died, In appalling 
The US Army rapidly began a why 
relocation of equipment, 
parts and G 
The re 
Operation 
day, but th 
pace pi 
Of NASA 
The Soviets, meanwhile 
ther what fragments wote eft at 
Peeremtinde ar and 
to sweep up loweriev 
froms the area around the V! 
sites, The US therefore had 
8 clear post war advantage 
in the race for new long: 
Tange missiles, with the 
potential to ly on ballistic 
trajectories above Earth's 


atmosphere its shock 


unten nped, 10 
aptured 


he nearby 
on camp laboured, and 


esa 
peuments, rocket 

tk 
petllp, remains 


8 to American soll 
troversial to this 


would play a key role in the ealy US 


50 


Wernher von Braun's Army 
rocket team use a Jupiter-C 
missle to fire a one-third 
scale missle nose cone into 
space and study its condition 
after returning to Earth, 


The case for an overarching US space authority became clear after the 
Soviet Union's shock victory in the 1957 race to put a satellite in orbit 


4 October 1957 8 November 1957 6 December 1957 
The Soviet Union 
successfully launches the 
84 kilogram Sputnik 1 
satelite, an orbiting radio 
beacon whose signals are 
heard around the word 


Following the Soviet launch of, 
Sputnik 2, von Braun's team 
at Huntsville are authorised 
to>egin preparations for a 
satellite launch as a backup 
for the Vanguard programme. 


The Naval Research 
Laboratory's Vanguard TV3 
rocket, Intended to put the 
first US satelite into orbit, 
explodes just two seconds 
Into its fight 


IO | ST OC 


"Some German rocket engineers 
found it hard to resist the lure 
of funding and political support" 


defeat inthe early days of the Space Race was due on ways of reaching higher speeds and altitudes, 
in part to the genius of Soviet ‘chiel designer’ Sergei launching scientific Instruments on short suborbital 
ev, but also to mismanagement and political ‘hops into space and returtig data fron orbit 


A landmark came in February 1949 with the 
launch of umpe 
tocarry a WAC Corporal Sounding tocket’ to a 
high altitude before releasing it The Corporal 
‘own engine then took it much higher, reaching 
altitude of almost 400 kilometres (249 miles) and 
returning data at 
radiation via radio signals, 
‘Staying in space, however. was another matter. 
Boosting a payload to the high speeds necessary 
tm achieve a stable orbit was far beyondl even a 
modified V2, and although studies carried aut 
around this time concluded that launching @ 
satelite ino orbit was technically feasible, they cast 
doubt on whether the benefits could ever outweigh 


After artiving in the US, von Braun's team were Which used a modified ¥ 
first tasked with reassembling and launching 
ptured V2 rockets at New M 

ite Sands Proving Ground Several 
atte ad already 
achieved altitudes of more than. 
100 kilome 
making them the firs 
atiiclal objects to 
‘outer space, but the White 
Sands launches saw the 


out space temperatures and solar 
5 (62 males 


frst steps in scentific 
space exploration. Here 
engineers began to wot 
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31 January 1958 7 February 1958 5 March 1958 2 Apral 1958 29 July 1958 
‘The launch of the Explorer _ President Etsenhower Eisenhower receives a formal Eisenhower sets out the Following approval of the 
1 satelite on von Braun's orders all US federal recommendation from case for US engagement National Aeronautics and, 
Juno launch vehicle puts space projects to be his scientific advisors to Inspace exploration and Space Act in both houses, 
‘America back inthe Space brought under the control establish anew civilan agency proposes the formation of _of Congress, President 
Race - but witha lot of of ARPA, part of the controling allnon-miitary -NASAtoCongress andthe _Elsenhower signs the act. 
catching upto do Department of Defense, aerospace projects, ‘American public Into law, 


— 1958 


——K fl Tl | 1969 


Key figures 
These were some of the major ; 
in the early Space Race 


Wernher von, Braun i serge. Korolev} [iron Rosen] 
Te Germanengineerng, _Asheadof te Sovet Unons, Wend of te Naval Research 


‘genius behind the V2 ballistic KB design bureau he Laboratory's Vanguard 
Inissile- after emigrating he oversaw rocket and satelite program, which ater initial 
worked on US Army rocket development, including the failures successfully launched 
projects while advocating for R-7 launch vehicle, the Sputnik three of Americas frst 
Above:'the espace programme. satellites and Vostok, sateltes in 1958 to 1959, 
German 
“rocket teany 
were initially 


housed at Fort James R. Kallanl Piohn 2. vedarss] 
Bliss in Texas President ofthe Massachusetts In charge of von Braur's 


Institute of Technology and rocket team at Huntsville, 


ettin chit sence advior_hemade rial decisions 
comparison | President Exenower,killan that ported api 
vans | headed the comtee that remsatement of Project. 
Todas recommended Oriter and the aunch of 
the time, the NASM formation, the US Ts 
Soviet R7 was 

farlargeand 

‘more powerful 

Farlft Pugh 1. Dryden] 
Despite Agpontedby Exenhower The fst NASA deputy 
Spe toheadthenewiyformed administrator, He 
esteror NASA 1958, he oversaw oversaw the development 
nets the agency absorption of of high alte rocket 
sre, scateredspace projects from planes and eat moves 
Spi dcrosthe mitary and cin towards US Soviet 
Tear sectors and cooperation in 

variety of 


experiments 


Spaceflight before NASA 


Harry S. Truman 
1945 to 1953 
‘Oversaw Operation Paperclip, which imported 
1an rocket scientists to the United States, 


Initiated the first US attempts to build an 
Intercontinental ballistic missile, but cancelled 
thom as early as 1947 in favour of ‘cruise’ missiles 
that remain in Earth's atmosphere throughout 
theie ight, 


Several studies of the potential for satelite 
launches occurred in his administration, but none 
led to action. 


Generally dismissive of even limited space 
exploration, describing the idea as “hooey 


‘The upper 
stagesof the 
Juno launch, 
vehicle were 
assembled 
from cl 
ofsmall soi 
rockets 


The presidents that 


paved the 


for space exploration 


Dwight D. Eisenhower 
1953 to 1961 
vcard foouhh 
agaist ts iasation, 


Backed the Naval Research Laboratory's Vanguard 
satelite launcher over the Army’ Project Orbiter, 


‘Announced plans to launch a satelite during the 1GY 
of 1957 to 1958, 


Led the US response following the unexpected 
launch of Sputnik 


Approved the resumption of Project Orbiter leading 
tothe successful launch of Explorer 


‘Oversaw the formation of NASA, but in retirement 
‘ame to doubt the value of manned spaceflight. 


th ent Har 
f the 


s, Truman was famout 
isin cept of space travel» as late af 
1956 he dismissed ept as“ 


acket research efforts remained f 


used purel 

But at ust this poi, internal rivaric 

deal a significa 

The Army, iu 

ach jostling to attract attention and funding to 
a 


would 
to US missile donuinar 
their own misile projets, and the endl 
fudge, The USAF wa 

continental missle called Atl 


signed to build ak 
and the Army 
range missile, while the 
earch rocket called Viking 
Braun and his team, 

5 the USAF absorbed most of 
ling 


As Army empl 
rere lft to look on 
acket funding, while c 
Aa achieving their 
dreams of spaceflight, "Their own Redstone 
hamed after the Army arsenal in Huntsville 


John F. Kennedy 
1961 to 1963 
Exploited the supposed missile gap with Russian 
order to win the presidency 


Initially argued for international cooperation in 
space, only to have the offer rejected by Soviet 
Premier Khrushchev, 


Resporiled tothe Soviet launch of Yurl Gagarin, 
becoming determined that the US should 
Win the Space Race for reasons of both security 
and prestige, 


‘Oversaw the Mercury program that put the first US 
astronauts in orbit 


Committed the US to a manned lunar landing in the 
19605 ina May 1961 speech to Congress, 


Alabama, 
relatively few new c 
flight by 1953 
iI 
Iknoven science writer who had fled Germany for 
the US before the 
fn space travel in New Y 
of wildly popular atick 
ating vor Bras vis 
te Solar Systern. Walt Disney soon adapted 
the articles into a three-part television 
astronaut sus began to outsell 


ted 

and was ready for 

the sideline 
PR 


series, and 
boy outs a 
mieica went space-crazy. 

‘The political winds were shifting too, 1952 saw 
a forthcoming International 
Geophysical Year (IGY) in 1957 to 1958 -an 
‘opportunity 


CCold War barriers, and an ideal time, many argued, 


the announcement c 
<cientifi cooperation acto 


to launch the fist satellites ralso saw the election 


far more open to 
the potential of space travel 

Inmid-1954, von Braun 
to ain a top-level contereng 
possible satellite launch options. His solution 

roject Orbiter, a modified Redstone missile 

topped with smaller soli fuel rockets that would 
fe in clusters to upper stages. V 
Braun and his colleagues approached respect 
clentist James Van Allen to design the instruments 
for the satellite 

‘But when the US revealed its plans for a satelite 
Jaunch daring the IGY in December 1955, Project 
(Orbiter was no longer in the frame. Rival scientist 
had launched a concerted attack, sniping 
Braun's design as awkward and risky, and arguing 
that rant of the V 
would diminish 
trumph, Fisenho 


snd use ofa mltary missile 
at should be an allAmerican 
er, who had his own cancers 
aboust the potuntial miltarisation of space. was 
persuaded to abandon Pro 

of the Navy V guard, 
Meanwhile, the Soviet Union announced pla 
of their own to launch a satelite during the 1 
though few inthe west took them seriously. 

‘Von Braun's con contract to 
carry out limited sub-oital space launc 
the lower stages of Projet Orbiter to Investigate the 
effects of atmospheric re-entry It was ths project, 
known as Jupiter, that successfully turned the 
fist object from space, a modified missle nose 
cone, in August 195 


Jng-based Project V 


The first image 
of Earth from 
space returned 
fromaV2 
test flight in 
October 1946 


Inthe following months, the 
Jong prelude to the Space Race 

neared its endgame, While he Navy 

rushed to test the stages ofits Vanguard 


% 


S 


rocket, the Soviet Union was secret 
preparing a spaceshot of ts own, From a weak 
sting position, Sergei Korolev and his engineer 
hal accomplished pe feat in building 
the R 4 monster rocket whose frst stage 
ted of four boosters, each large than a V2, 
usted around a central core. An upper rocket 
stage gave the R7 th to put a satellite in 
orbit - one much larger than the grapetruttsized 


remark 
missile 


jects being prepared for launch by Vanguard, 
The Soviets played their hand with immaculate 
timing on 4 October, just as an IGY conference 


Right: 
President 
Eisenhower 
contre) with 
NASA deputy 
‘administrator 
Dryden, 

lett) and 
administrator 
Glennan 
(ight) a their 
sswearingin 
‘ceremony 
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meeting in New York. The launch of Sputnik 1 
« es around the world, and the 

m hed to print stories about just what the 
‘new artificial moon could mean forthe balance of 
slobal power. 

Assturined Americans looked to their 
government fora response, Eisenhower coolly 
congratulated the Soviets on their lunch 
‘small ball into space, and inlcated that a 
Vanguard satelite launch would go ahead as 
planned in early December. This was somewhat 
deceptive as no definite launch date had 
Set, and the routine response concealed surprise 
behind the scenes 

‘One person who remained calm, how 

ner von Braun, Questioned by the sec 


ary of 


Spaceflight before NASA 


Left: 
‘The Project 
orbiter 
‘committee 
thatmet 
todiscuss 

US satellite 
Jaunch options 
in1955- 

note von 
‘Braun in the 
foreground 


Below left: 
‘The Vanguard 
‘TV-3launch 
explodes: 
above the 
Jaunch pad 
atcape 
Canaveral 


Right: William 
H. Pickering 
of California's 
Jet Propulsion 
Laboratory, 
James Van 
Allen and 

Wer 


Braun hold 
‘upamodel of 
Explorer 
atapress 
conference 
after the 
successful 
Jaunch 


"The successful launch of 
Explorer 1 restored some honour 
to the US space program" 


lefense, he insisted that a restarted Project Orbiter the bottom remained! functional rocket. turning 
ud anh sete in 90 days ju-sage launch vehicle 

The successful launch of Exploter 1 om 31 
January 1958 re 
io 


until November - after thy 
ar mare sophisticated Sputnik 2 


m, but Americ 
Soviet achieve 


As the 


‘manned spac 
up for the Army 
launch he 0 fa, developed 
sathered in huge nun 
US satelite launch, nicknamed it'Flopnik 
Despite the groundwork lid, von Braun 
still had to race to meet their launch target of late 
January 1958, Cosmetic 
ming it uno, helped 
but 


expecting to see the frst 
‘These included roc 
perimental alreraft designed in conjunction 
with NAGA, the National Advisory Council on 
‘Aeronautics, and a manned capsule launched by a 


ly brought under the control 


red some honour to the US space 


ordered that all space projects 


Projects Agency (ARPA), At the same time he asked 
a committee of scentificalvisors to ¢ 


term plans for a national spac 


save the idea 
(ng calling forthe establishment 
eronautical and Space Agency” with 


[NASA came into be 

Tn the years that 
absorb many of the pre 
Von Braun's team at Hu 
form the co 
Center, where 
would pr 


in designing the Mercury 

tually cartied the first Americans 

tion may have ended a 
history, but it brought 


capsule that 

pace, NAS 
fascinating period ins 
much-needed focus 
while there would be p 
the way, without NASA ty 
(on the Moon and seal victory in the Space Race 
might have played out very differenti 
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The rest of the world 


While America's space programme was to have the greatest 
influence on the future, the US was not the only country racing for 
space in the years after the Second World War 


~ -— ~ 
= o = 


ngdom Union 
Britain's ‘Operation Backfiretested France pursued its own missile Poltcal wil and engineering genius China sought to develop its 
captured V2 rockets shorty after ‘programme after Workd Wart, A {gave the Soviets an early lead in the own space programme following. 
World War il, and the UK developed space agency was established in 1961 Space Race, which faltered after ‘the launch of Sputnik Vin 1987, 
Its own balstic missile and launcher and the first French satelite, Asterix, Korolev’ death in 1966, Nevertheless. Iniily the Chinese benetited 
development programme before it was launched in 1965, From the 1970s, the Sovlet Union continued as major from technology shared by 

was cancelled due to budget cutsin France became aleading member of power untlits dissolution, and Russia the Soviets, but afte relations 
the early 19705. the European Space Agency, Inherited much ofits space knowhow. cooled, progress slowed. 


[essing ise) 
Noto doe 
ance bot 
thi loetnstunal 
propmeet and becaee 
thes 
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~ Chinese Moon base 


The Chinese space agency is looking to 
build on our satellite in the next ten years 


Reported by Rafi Letzter 


hina plans to builel a scientific research 
station on the Moon in “about ten 
years’ according tothe state news 
agency Xinha 

‘The China National Space Adminstration (CSNA) 
intends to bulld the research station In the region of 
the Moon's south pole, Zhang Kein, head of CSNA, 
said ina public statement, Xinhua reported. That's 
abit of a departure from the six successful NASA, 
‘Apolio Moan landings, which took place closer to the 
Moon's equator between 1969 and 1972. 

Details of China's long-term lunar plans are stil 
sketchy, but CSNA has made significant steps 
towards lunar exploration, Earlier this year the 
Chinese successfully landed the uncrewed 
‘Chante 4 on the far side of the Moon, and CSNA 
has also placed astronauts aboard two temporary 
space stations Tiangong-| and Tiangong.2, The space 


# agony ato ln tps ae more permanent 
4 Sion io rt nthe coring yes 
The st parts ofthat parmaner saton wi 
# rach rt abo th ents ne Long ach 8 
[roc nthe st al of 2000 Agence France Presse 
(AFP apr the mson wl not be ssodted 
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with the international Space Station (15S). The 185 
Is reaching the end of its operational ifetime, plus 
the United States and China do nat cooperate on 
Spaceflight endeavours, 

Kalan aso announced that Change 5, an 
tuncrewed lunar lander orginally scheduled for launch, 
in 2017, wil attempt to reach the Moon and return 
with samples in 2019, Xinhua reported 

China curently spends more on spaceflight than 
any country except the US, according to AFP. At the 
moment the US is unable to put humans in space 
‘without itching a ride on a Russian rocket; plans to 
‘change that model by using for-profit rockets - such 
a5 those owned by SpaceX - have hit some snags. 
Sil, American officals have also suggested that 


there are plans to retuen tothe Moon and stay on the 


satelite fr an extended period in the near futur. 


and private 
‘companies 
Want fo return 
fothe Moon 


Right: 
China's Long 
March58, 
rocket isthe 
‘country’s 
‘current 
Jaunch vehicle 


“The space agency also plans to put a 
larger, more permanent station into orbit 


in the coming years” 
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First eel thel970s, the LAc 
¢ may, oo ally found Evidence: of 


_ the elusive odderon ; ri 


The odderon (ii 


Ll 
2 
in . 
e . 
“The odderon is ate 
a compound of Age 
gluons as a proton (1 
is acompound of ’ 
quarks and gluons" eo igs 
. 
ante mn . o% > 
‘ a’ e *. ‘ 
describes virtual particles: , . @ 


lke the odderon as “Zl 
temporary excited states of 

an underying eld which 

are exchanged between the 

Permanent excited states of 


the ordinary particles that 
‘make up atoms and matter 
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The odderon asa Glueballdetection Disprovingnaive _Shiningalighton | Odderon tech Confirming what 
standalone particle 5 expectations Model ee — wealready knew 
“The main , ; “This does break the ad The experimental 
impleatons a re sta : alscovery ofthe 
both matiematicaly e nis the ' Codderon would not ad 
ai on-proton total 
oss section could 
Shines light on one of 
Antproton-proton total those opaque regions , been now for, 
a lebal oss sector Timothy Roben 2 Tong time thatthe 
Evgenl/ Martynox, hen cottny Mion Ste Unraty he but ‘odderon firmly exists 
Notional Academy ton could be creat inaco, 
of Sclences of Ukraine fon for bu Valery Kaze, 
Centre Nationa de a retechnologies” University of Durham 
Recherche Sdentifique ne Lune, 
Northrop Grumman 
Nett Basie Research 


“Physicists take some shortcuts and 
pretend that these patterns are their own 
particles, so quasiparticles are treated like 
particles even though they aren't" 


the fact and 
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The odderon 


Proton pile-ups, 
‘TOTEM is located at one 
of the four points in the 


TOTEM 


{A forward-looking approach 
The TOTEM experiments designed 
to take precise measurements 

of protons as they emerge fram 
Colfsions at smal angles This region 
is known as the forward direction, 


supercolider where proton 
beams ae directed into 
‘each other, causing billions, 
‘of colisions every second. 


protor 


Recording the 
glancing blows 
The TOTEM 
experiment was 
designed to detect 
the protons that are 
only slightly deviated 
by calisions, 


Forward 

inelastic detector 
The 'telescopes'= T1 
and T2 = use cathode: 
Strip chambers and gas 
‘electron multipliers 
totrack the particles 
‘emerging from collisions. 


Italian pottery 
"Roman Pots with 


measurements of 
elastically scattered 
protons at small angles. 


andy 
diff nf 
cross sect 
Measurement * 
experiment 
butitat CER 
stucy particles 

thrust forward 
by collisonsin 
thence 


silicon sensors perform 


‘The key isin the difference 

By collecting proton-proton 

collsion data ata similar energy to 
antiproton data collected 

at Fermilab, TOTEM provided 

the opportunity to search for 

differences in scattering profiles 


Detection extension 
‘TOTEM stands for TOTal cross 
section, Elastic scattering 
and diffraction dissaciation 


‘Measurement, with detectors spread 
‘across almost half a kilometre. 


Awaiting game 
‘Though the fest 
coliions were run at 
‘CERN'S LHC in 2008, it 
‘would take until 2015 
for it to be operating 
at sufficiently high 
‘energies to look for the 
‘odderon using TOTEM. 


olision data perforrved at similar etn 
direct comparison would allow the team to entity 
any differentia elastic scattering cross sections 


aused dominantly by an odkleron contribution, 


‘Te LI instrument fo the job was the TOTal 
Elastic an lifraction dissociation Measurement 
‘experiment (TOTEM) TOTEM has detectors spread 
across almost half a kilomete from one of the four 
points in the supercollider where proton bear 
are directed into each other, causing billions of 
collisions every second. Rather than observing 


the obliteration of fllon collisions, the TOTEM 
experiment was designed to detect protons that 


ave only slightly deviated by collisions, “They 
represent about 25 per cent probability of what may 
happen in an LHC collision between protons. tn the 
remaining 75 per cent they break. says Gian, 
Analysis ofthese interactions at TOTEM was 
compared withthe highest energy results from, 


the DZero in a paper published in December 2018, 
Almost half a century after the odderon was first 


predicted, and despite an 800 GeV gap in the 
energes of collisions, Giani and his colleagues 
were able to announce with an “extremely high 


degree of confidence and significance" that 
they had their virtual particle. “The difference 
is characterised by the oscillation ito a dip and 
then a local max, which are present in the p-p 
differential cross section [recorded at TOTEM] 
andi notin the pp-bar differential cross section 
Irecarded at Dero" says Gian 

However that 800 GeV difference sil represents 
a small leap of faith, so Giani and his colleagues 
Will soon publish a joint paper with the DZero team 
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ra ao our understanding: Beyond the Standard Mode 
‘uture Sieular eee Seca) cea Ue pees 


The 


‘The FCC aims to reach coliion energles of 
100 TeV inthe search for new physi, capable 
‘of coliding protons together nealy ten-times 
harder than they have been by the LHC 


type of particle if any, 
{sesponsible. 


@ Dark forces 
This disco 
type of vin 


shine alight on the gravity, which suggests a deeper process is (Odderon-induced effects decrease with energy, 

mysterious force known going on - potentially the involvement of With an optimal energy range around 1 TeV. Asa 

as dark energy. ‘more yet to-be-discovered particles that result the FCC's mult-TeV energies might not help 
could be looked for by the FCC ‘mutch in our understanding of this virtual particle, 


“This doesn't break the Standard Model, 
but there are very opaque regions of the 
Standard Model, and this shines a light on 
one of those ia ined mag 
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WHAT IS STILL 
UNKNOWN? 


The Event Horizon Telescope released the first-ever 
image of the behemoth at the centre of Messier 87... 
but what questions still linger? 


Below: Artist 
impression of 
MBr'sblack 
hole shows 
relativistic 
Jetslaunched 
perpendicular 
tothe objects 
aecretion dise 


1110 Apri 2019, the world was 
introduced to the very fist pleture 


fof aback hole, ft was taken using a 
‘worldwide collection of radio telescopes, 
forming what is known as the Event Horizon 


Telescope (EHT), which focused its attention on the 
centre ofa galaxy 55 millon light years away, 
‘Messier 87, This is a feat comparable to reading a 
‘newspaper that's in New York while sitting down 
Ina street in Paris -ajob only made possible by, 
combining the power of eight telescopes from 
‘around the world. The final image of the black hole 
has allowed astronomers the opportunity to combine 
computer models with direct observations, thus, 
confirming or denying many pre-existing theories, 
But this daesnt mean that al the questions have 
been answered, including some pretty big ones, 

For starters, how do blac holes produce 
their enormous jts of hot, fast matter? Well, all 
supermassive black holes have the ability to chew 
‘up nearby matter, absorb most oft past their event 
horizons and spit the remainder out into space at 
nearlight speed in blazing towers astrophysicsts 
call elatvistc jets MB is renowned for its 


‘enormous jets, and while the EHT has imaged an 
impressively small object, the Jets take up a much 
larger area, In order to lean more, linking up more 
EXT observations | ertcal In understanding these 
features furth 

‘Another mystery ls how genera relativity and 
{quantum mechanics fit together; Quantum gravity I 
the great unknown in physics, For about a century, 
pysests have worked using two diferent sets of 
rules: general relativity, which covers very big things 
lke gravity and quantum mechanics, which covers 
very small things. The problem is that these two 
rulebooks directly contradict one another, Quantum 
mechanics can't explain gravity, and relativity cat 
‘explain quantum behaviour, Physicists hope to link 
the two together ina grand unified theory ely 
involving some sort of quantum gravity. The black 
hole image was as predicted from a general relativity 
perspective, soit offered no new physics that might 
close the gap. Stil t's not crazy that people hope 
for answers from ths sort of observation, because 
the edge of a black hole's shadow brings relativistic 
forces into tiny, quantumsie spaces, 

‘Another question remains whether Stephen 
Hawking’ theories areas correct as Einstein's. The 
physicist Stephen Hawhing’s greatest early career 
Contribution to physics was the idea of "Hawking 
radiation’ ~ that black holes aren't actully black, 
but emit small amounts of radiation overtime. The 
result was hugely important because It showed. 
that once a black hole stops growing it wil start 
to very slowly shrink from the energy loss. But the 
EHT did't confirm or deny this theory = not that 
anyone expected it to. Giant black holes lke the 
‘one in MB7 emit only minimal amounts of Hawling 
radiation compared to their overall size, While our 
most advanced instruments can now detect the 
bright light of event horizons, there's tle chance 
that they will ever tease out the ultra-cim glow of 2 
supermassive black hole’ surface, 


Black hole image (i 


“Giant black holes like the one in M87 emit | 
only minimal amounts of Hawking radiation i 
compared to their overall size” i 


Ultima Thule iii 


ULTIMA . 
THULE 
A FUTURE 
COMET? 


The Kuiper Belt Object has had a quiet 
past, but with a radical change it could 
transform into a dirty space snowball 


Reported by Lee Cavendish 


ua 


x the 7 7 ° omers predict that 
Nepeun 


Comets come from a part of the Kuiper 
Belt millions of miles away from where 
Ultima Thule is” pr sian stern 


Above:Dr 
‘Alan Stern, 
principal 
‘investigator 
ofthe New 
Horizons 
mission 


Below: ESAs 


Observing the 


1P/Halley 
(Halley's Comet) 


Soviet Union's Vega 2 


1986 
15x 8 kilometres 
(9x5imiles) 


75 years 


(06 AU 


ue ik 
investigate further, they are mi 
he 

he area 

ch were com 
ch other ike you 
ugh 


Ultima Thule (iii 


Past observations of comets 


> space snowballs is a rarity that can tell many tales about the Solar System's past 


67P/Churyumov- 
Gerasimenko 
ESAs Rosetta 


2014 


4x4 bilometres 
x3 miles) 


103P/Hartley BIP/Wild 
(Hartley 2) (Wild 2) 


NASA's Deep Impact 
2010 
12x16 kilometres 
(0.8 x1 miles) 


65y 
TAU 16. 
SAU 53 


NASA's Stardust 


6 t043 years 


19P/Borrelly 9P/Tempel 

(Borrelly’s Comet) (Tempel 1) 

NASA's Deep Space? NASA Deep Impact 
3001 ON 005 


8x4 kilometres 
(6x3 miles) 


76 x4,9 kilometres 
47 x3 miles) 


6.8 years 
14 AU 


Right: The 
Sun heats 
comets as they 
approach, 
causing them 
toshed their 
matter sata 


WH Ultima Thule 


The journey from KBO to comet 
Ultima Thule must undergo a drastic change to 
become a space snowball, but it is still possible 


“If you moved it into the inner Solar « 
System, the heat from the Sun would go 
deep into Ultima Thule” prsoet parker 


Dr Joel Parker, ditector of the Southwest Research 
Institute in the Unit who has worked on 
both the Rosetta and New Ho 
seems to think so, as he tells Al About Space: 
‘ulna Thule has been inthe distant outer Solar 
storage, Frits entire lie. It Ukely 
thas lats of ice not too far belo 
‘throughout’ Parker explains. "If you n 
the inner Solar System, the heat from the Sut 
would go deep into Ultima Thule, evaporating those 
ices, and they would escape 
with the 

[tS possible that, with a push, Ultima Thule 
could one day become a comet, and its not 


he surface and 


8 = Which is exactly what a comet is” 


fetched as some may think. I isnt far off scientists! 
understanding of the dynamical evolution of 
ential 


comets, Comets are c abjects formed 


in the cold classical region, or were placed the 
thanks tothe evolution ofthe Solar Systems 
Juggernauts - for example Jupiter and Saturn ~and 


wore then knocked into the inner 
because of some other 


‘What would have to happen to send Ultima 
‘hue hurting into the Solar System? "Passing stars 
anid yalactic tides likely have changed the ort of 
much more distant objects in the Oort Cloud, but for 
something closer in, and in that area ofthe Kuiper 
Bel. it would have to be a crazily close passing star 

This unlikely 
because Ultima Thule is obviously tn an extremely 
stable orbit that has kept it in that region of the 
Solar System fr the last 45 billion ye 

A passing star isa scenario that is extremely 
unlikely to happen anytime soon, a 
would probably notice a huge star borin 
the Solar System, But it were, and Ultima Thule 
drastic changes as soon a it started movin 
{Sublimation} could happen at any distance clo 
than is current orbit If it were moved closer tothe 
Sun the thermal wave would go deeper, hea 
ces that have never been heated before So it could 
become ‘active’ ~ although only slightly ~ even 
before it reached the orbit of Neptune” says Parker 


which is very unlikely” says Paver 


knocked inwards, then i would undergo sore 


Comet 67P 
Object classification 
Comet 

Region of origin 
Seattered disc, 

Trans Neptune region 
Length 

4 kilometres (3 miles) 
Surface features 

Clear sublimation, 
water vapour escaping 
the surface, 

moving boulders 


Comets could 
have brought 
water to Earth 
inthe past 


nees where the 
from the Sun 
near tho surface 
aublimate, for example nitrogen, carhon monoxide 
atbon dioxide, and water 

‘ter passing Neptune t would have to weave 
past the gas giants but wouldnt be able to avoid 
the ‘King of the Solar System, Jupiter, Depending 
‘on the course of future Ulkima Thule, the powerful 
gravity of Jupiter could affect i in one of three 
ways: fitstly, could enter the planet’ orbit - a 
similar story to how Neptuin 
Secondly, could avoid being 


“Ast got closer it woul pass d 
temperature ~ based on distar 


would make any volatile fo 


jptured and simply 
be reitected, whether thats into the area where 
Jur terrestrial planets reside orsingshotted 
elsewhere, Or finally, it could be directed into 

a collision course with Tupiter, ast Hke Comet 
ShoemakerLevy 93 demise in 1992. This event 


Ultima Thule 


saw Comet Shoemaker1evy 9 torn apart Into 
rer 20 pieces due to Jupiter’ tidal 
smashing into the planet with the force of 300 
millon atomic bombs, Slentists estimated that 
Comet Shoemaker Levy 9 was no bigger than tw 
kilometres (1.2 miles in size 
Nonetheless the comet version of Ultina Thule 


would undergo rapid changes as the influence 


ofthe Sun became more and more apparent. Hit 
‘most likely fose materlal at a similar rae, meantn 
that approximately ten mettes (33 feet) of surface 
material would be stripped off the object per orbit 
‘With an object the size of Ultima Thule, t would 
definitely make a great sight for observational 
astronomers who love photographing comets. Then 
star flying 


nter aonb shar to G7P, then it wou 


again, there would also have be a hi 


past the Solar System atthe same time! 


Ultima Thule vs Comet 
67P/Churyumov-Gerasimenko 


Although they share a bi-lobial appearance, what are their differences? 


Ultima Thule 
‘Object classification 
‘Kuiper Belt Object 
‘Region of origin 
Cold eassical region, 
Kuiper Belt 


Length 
30 kilometres (19 miles) 
Surface features 

(lear contact binary 
object, craters, areas of 
high refiectivity 


ASK Se 


ace 


opes can view wavelengths 

of light savisible to human eye 3 
nbn these can create 

images of nebulae showing 


2 rainbow 


as and dust 
ecome a Stati 


‘Our Milky Way galaxy i filled with interstellar 
as peppered with dust, known together as the 
interstellar medium. This very low-density material 
churns with turbulent mation between stars, 

and most of It an remain inthis free-moving 

form for miions or even billons of years. Where 
pockets of gas become compressed, sometimes 
{through the pressure from a nearby supernova, 
explosion, the density can rise to the point where 
the inward gravitational pul of the gas on itself i a 


stronger influence than the dispersing tendency of t 
turbulence, Tis intersted can therefore be ré 
* gravitationally bound, at least for a while — ; 
‘Through an interplay of the motions within 
the interstellar cloud, internal gravitational pull 


and magnetic felds, the cloud can collapse into 
Lunstable long filaments stretching between dense ‘ 
‘hubs’ - cloud cores that can futher collapse into 

clusters of dense cores fa core has enough mass 

ina small enough volume, the gravitational pull can 

condense the gas into a hot, spherical protostar 

Material from the surrounding cloud will continue 

to accrete onto this protostar via an intermediate 

passage through a circumstellar disc. Eventually 

enough mass and pressure accumulate to ignite 

the process of fusion inthe central region, creating 

a fully born star, Stars much more massive than. 

‘ur Sun emit powerful photons that can ionise 

the remaining gas surrounding the stellar nursery 

This brightly coloured gas comprises the colourful 

nebulae that we now know are not only beautiful 


but also signposts of active star formation Newly formed 
Jennifer Wiseman is the senior oe tunes 
project scientist for the Hubble east 


J Space Telescope ‘create nebulae 


[MOONS 


Ask Space (i 


combination of, 

circular orbits 
1d non Maria 

composition 


Where did Mars’ moons come from? 


The origin of Mars’ two moons, Phobos and 
Deimos, isa mystery, We once thought that these 
‘moons were asteroids captured by Mars gravity, On 
first inspection thelr small sizes ~ Phobos is only 
27 kilometres 17 miles) along ts longest axis 

While Earth's Moon has an average diameter of 
3,500 kilometres (2,200 miles) ~ irregular shapes 
and non-Martian composition suggested an 
asteroidal origin, However, a capture scenario tends 
to produce moons with highly eccentric orbits, 
Phobos and Deimos are in nearly circular orbits 


Analternative explanation is that the two moons: 
formed! around Mars following a giant impact 
scenario, Similar to our understanding ofthe 
{formation of Karth's Moon, a giant impact could 
have led to the formation ofa dise of debris around 
‘Mars. Material in this debris gradually coalesced to 
form the two moons we sve today. 
However, many questions still rem: 
‘as why the material on these two moons 
Jooks distinetly unlike that of Mars, In an attempt 
to.end this debate, the Japanese Space Agency 


developed the Martian Moons eXploration (MIX) 
ison, which wl launch inthe ealy 20206, 
wil travel to on ofthese moons, olet a sample 
and return to Earth Laboratory analysis of this 
Sample may finaly resolve these questions, and 
likely intodice new clues and questions for how 
cour Solar System formed. 

Ronald Ballous is a postdoctoral researcher at 
FEA avan Acrospace Exploration Agency 
P GAxAys institute for Space and 

SP Astronautical studies 


Will teleportation ever be possible for humans? 


Han oblect 

be considered a quantum abject Instead we mi 

possible tote ge macroscopic objects 
common 

part 

We television taught us. However, in 


teleported according to quantum physi laws, tt has to 


could be 


iseanception és that in quantum teleportatior 


n teleportation the 


tate ofthe system gets undefined for one object but reappeacs 


‘on another object At fst this might sound less 

‘my opinion itis equally aston 
fora future quantum internet. 

Say you can transport all properties, a phil 

arises: iF we ate abe to teleport every singe proper 
another ane, and the second object now res 


aspect, haven't we actualy teleported the object 


citing, but in 
ing and, moreover, twill be a key 


sphical question 


the fist in every 


Coming back to the orignal question, Quantum teleportation relies 


‘on entanglement, o 
-apic object simultaneously. Thec 
ould forbid; however, ths task 


ould need to entangle al properties of 
iy there is nothing 
ll be extremely 


challenging, Nonetheless, history repeatedly showed us that one 
should never underestimate the 
think only time ean give us a proper anes 
Robert Fickler is an experimental quantum 
physicist working at the Laboratory of Photonics of Q) tanguantum 
the Tampere University in Finland ae 


eatvty of future sclentist, so | 


ASK Space 


univ 
When searching for life “nicer 


outside of our Solar System, deme 
what are the key signs to 


look for? 
yo 


‘We are looking for signatures of living processes that can be detected 
from interstellar distances, In order fora molecule to be a potential 
biosignature g ey criterias firstly, te must 
interact with can see its molecular 
fingerprint embedded in the light reflected, emitted or transmitted 
by a distant planet's atmosphere. Ithas to build up to detectable 
it has to survive photochemical reactions in the 
it has to be specifically biological In other words, tt 
‘ust be difficult or impossible for processes to create it 
‘A key example ofa potential biosignature gas is molecular oxygen 
(©) made by photosynthetic bacter 
‘more convincing than one 
modynamnic disequilibrium, This means that the gases 
ol destroy each other over time, so they must be replenished 
by a continuous source. Some examples of potentially bi 
weld like yl chloride and 
leven molecular nitrogen in contact with un, which may 
erred by the preser 
Eddie Schwieterman Is a NASA postdoctoral program 
fellow at the University of California Riverside 


Did i i 
Did the Big Ban: 
You know? actually make a noise? 
VY = 


Planck was a European Space 
Agency (ESA) probe launched tn 
May 2009 to study 1 Modern cosmology tells us that the unite started 13.8 billon ye 
‘cosmic microw. source (oPSnguarty] that expanded, exponentially at frst, into the cosmos We know today. 
background Its perhaps not surprising thatthe Big Bang, the mother of all explosions, made a sound. 
‘We know this from measurements of the cosmic microwave background (CMB) made by 
the WMAP and Planck space missions, _- 
Just after the Big Bang. all the matter in the universe was a superchot plasma confined 
to the relatively small space of the emerging universe n that closed space there were 
vibrations, sound waves of compression and rarefaction that propagated throughout the 
plasma, The sound persisted as the universe expanded. About 300,000 years after the 
Big Bang, the cooling and expanding universe reached the point where electrically neutral . 
hhydrogen atoms could farm from the fre electrons and protons ofthe hot plasma. When 
this happened, light, which had been trapped by the electrical charges ofthe plasma, - 
ould pass freely through the neutral hydrogen, and the universe went from opaque to 
transparent, That released light, which reaches us today as microwaves, has recorded i it 
the sound waves that were present when it was formed. 
in 2003 with WMAP data and again in 2013 with Planck data, | was able to take the 
sound: wave frequencies and render them as audible sound waves so that we can hea the 


sound of the Big Bang with our own ears. 
John G. Cramer is Professor Emeritus in physics at the University of el 


a point-ike 


‘Washington (UW) in Seattle, United States 


Darkenergy 

and dark mater F 
make up 95 . 
percent of : 

The universe . = 


: ASTROPHYSICS 2 
Will we ever discover 


e 
dark matter and dark energy? * 


Of course we will, We're just not there yet, Bark 
matters particularly Trustrating because we have 
beer ooking fort for decades now and have come 
up empty-handed 

Most astronomers are convinced i's ou thé, 
but we don't know what i's made of, We see ww it 
influences matter around, for example, by holding 
talons together, but thas to be made of anew 
kind of fundamental particle that we have ot yet * 
dlscovered. Dark energy ls mre baffling and we 
know les about it But we wil get there eventual 
There i even the remote posibity that nether 
dark mater or dark energy et. nti ase, what 


We need to'do is modify Einstein's theory of gravity 

to decount for this behaviour at large djstances, 

‘more pull at gatactle scales and antigravity a even 

sreater scales to explain the accelerating expansion 

of the universe. 

Just don’t mention this to people worl 

In the field of dark matter and energy! They 

Undersjaritably get very upset with the suggestion 

that they are chasing ghosts, 

Jim AL-Khalil s a popular science 
‘communicator and professor of 
physics at the University of Surrey, 


United Kingdom 


The aftermath of 


the Big Banga 
stillbe observed! 


Ask Space 


What will 
Japan's 
spacecraft do 
on the new 
mission to 
Mercury? 
i 


nga 
is project scientist 
Po 
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AN ESSENTIAL GUIDES AND ADVICE FOR AMATEUR ASTRONOMERS 


coo eeeer WV elem 


Longer late spring nights mean Explore the hidden wonders of 
choosing your targets carefully Hercules, often overlooked for 
before you observe beautiful MIS 


‘month, reaching magnitude 26 A varied selection of planets, 


in the evening sky nebulae and custers awalt 
Moon tour Astrophotos 
Follow one of Tycho's bright of the month PH HH SH 
rays to find the deep, circular ‘The best of our readers 
ater, Buliaks beautiful astrophotography 
Naked eye and Telescope review 
binocular targets Is the MightyMak 60 the right 


See if you can split the famous ‘Scope for you? We've tested it 
‘Double Double’ with your eyes on your behalf 


How to... Image a Inthe Shops 
June conjunction (ur pik ofthe est books The Moon and Plato Dwarf planet Ceres 
The Moon, Mercury and Mars apps, software an accessories make a close approach, reaches opposition in 
make an appealing target. ‘fot astronomy and space fans passing within 0°04 of Ji Ophiuchus, glowing at 


each other in Sagittarius magnitude 20 


ey oo JUN @ 2 JUN iy 
copter Globular cluster Globular cluster Messier 
cde ou sheN ge OH ‘Messier 12 is well ‘92 is well placed for 
so TAN EN placed in Ophiuchus at observation in Hercules, 
ceo WW ‘magnitude 6.1 glowing at magnitude 6.5 
= 
‘The Moon and Jupiter Mercury reaches its 
XPLE” make a close approach, highest point in the 


‘each other in Ophiuchus magnitude 0.4 


ma aesite <P Naked eye 
A Binoculars 9g 19 @ 
19 JUN 


°F Small telescope 
Conjunction between The Moon and Saturn 
“a Medium telescope the Moon and Saturn _make aclose approach, 
in Sagitaria sing within 0°26 of 
2] Largetelescope —"*SNNNS Each otherin Sagitars 


What's in the sky? N 


Ja argon buster 


ti Opposition 
njunction is an alignment of objects at the same : h as When a celestial body iin line with thE: 

celestial longitude. The conjunction of the Moon and Like Earths latitude, Dec measures north and south. Sun, During opposition, an object i visible forthe 

the planets s det vi eetothe Sun, It's measur ees, arcminutes and arcseconds night, sing at sunset and setting at sun 

A planet isin con are eand there this point nits orbit, the celestial object is closest to 

Earth ae aligned on opposite ses ofthe Sun, . Earth, making it appear bigger and brighter. 


ension (R 
sion is tothe sky what longitude i ‘magnitude tells you how bright it Mercury and Venus, ae at 


mde since th the brighter the objet. So, a magn Wstars a retest eastern elongation and as 
Globular cluster Messier fil : D EEP 

13 is well placed for 

16 Nn 

Conjunction between 


the surface ofthe Earth, caresponcing to east a 1m Earth. n astronomy, magnitudes are : from the Sun, During greatest 
a of the sh 1s brighter than an abject with a magnitude g stars during westem elongation 

observation in Hercules at 

the Moon and Jupiter " « * \ 4 


- PHOTOGRAPHIN 


JUN 


Mercury reaches half Open star cluster IC 

phase (dichotomy), 4665 is well placed for 

shining brightly at observation in Ophiuchus, 3 

magnitude 0.1 ‘glowing at magnitude 4.2 | 


The Moon and Pluto 
‘make a close approach, 
passing within 0°O3' of 
each other in Sagittarius | 


yams 


= 


Planetarium meee 


_ 


DAYLIGHT. MORNING SKY 
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&, > Neptune 9G 
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Moon calendar 


oon does not pass the meridian on 16 June 


MAY May, MAY, MAY, 


815 734 63.9) 54.3 
00:32 09:52 | MO113 09:52 | mO1L46 10:55 |mO214 wI2:00 


MAY May| May | MAY MAY, JUN JUN 


44.5 34.9) 25.8 175 10.3 47 12 
02:37 13.05 |mo257 wi4 |mo3t6 w1517_|m03:35 W16:25 |m0355 W16:25 |mO417 w18:47 |m04:43 20-01 


JUN JUN JUN JUN JUN JUN JUN 
4 16 5.9 28 219 327 44.3 
05:4 2114 | 05:54 22:23 | M0645 2333 |m07-47 W--- _|O0I4 MO858|W00:54.e1016 |wO127 wTL3s 
JUN JUN JUN JUN JUN JUN JUN 
56.2 676 719 86.6 93.3 978: 


0154 m12:55 | wO218 14:13 |w02-40 15:31 | w03:02 16:47 |WO326 18:03 |W0352 @1977 |w0424 


Illumination Full Moon 

JUN JUN JUN JUN Moonrise time New Moon 
Moonset time First quarter 

99.8 995 97.0) 926 Last quarter 


(05:01 21:30 | 05:47 22:25 |W06:39 @2340 | WO7:38 23:47 


All figures are given fr 00h at midnight (local times for Landon, UK) 


ey | 
What's in the sky? 


OPPOSITION EVENING SKY 
Mlumination percentage Planet Positions si :ceands«vinesae seninns 
30 MAY 6 JUN 13 JUN 20 JUN Date RA Dec Constellation Mag Rise Set 
& - B| my O5hOBMOBs +24" 30°00" Taurus 13 0512 -22:02 
8 a O64un O6hOBM205 4253007" Gemini 07 0537 2242 
80% g) an (O6hS9m30s424°4T TT Gemini 02 0607 2259 
zg 5 bin OaniomsBs S200" aur 33 GR 1940 
Py Bl conn Th19M345 22°30 21" Ophiuchus: 26 2:48 05:50 
=] wBdun—-Whitns7s, 22°23'5"" —Ophiuchus. 26 2044 04:48 
g ‘ Bl 2oxn mmosmoss 222076" Ophuchs 262015 O47 
ipa %_ 30May 19h24m23s 2138'S" Sagittarius 03 2346 08.00 
FA B osam ishzansss  2rev20 sagt 02 2180730 


ff 
This month's planets 


The King of the Solar System reaches opposition this June, ruling the 
skies all through the evening and until dawn 


OPHIUCHUS 


i 


HyoRA TS 
w 


Constellation: Pars into Germint 
‘Magnitude: 09) 

AM/PM: PM 

June isthe best time t 
Inthe evening 


see Mercury 
this yeas As May 
‘ends it wil be setting just afew 


Os a, 


HYDRA 


PYKIS 


a 


mgt 


Constellation: 
‘Magnitude: 03 
AMJPME: 

Saturn will be a bright ‘star’ ow in 
the morning sky during this mont, 
Following much brighter Jupter up 


tus \ 


cemin \\ 


wnw 


imines after the Sun, but as June 
progresses the closest word to the 
Sun wil pl ay 
until its vise asa bright oder 
spark low in the northwest through 
the month 


GEMINI 


CANIS MINOR. 


MONOCEROS 


CANIS MAJOR 


‘ 


wsw 


and away from the 


theastem 
horizon in the hours before dawn, 

However, it rises so late that you will 
ly be able to see i fora few hours 
before the brighten 
pale yellow-white light a 


yy washes its 
7 


y fom Ie the sky 


This month's planets 


Constellation: Aries 

Magnitude: 39) 

AM/PM: AM 

Unfortunately Venus will beso close 


the Sun in the sey ~ and 0 lw 


Inthe sky too - that wil be very 


PERSEUS 


Ves 


ANDROMEDA 


TRiANGuTuM 
| 


Constellation: Aries 
Magnitude: 55 

AMIPM: AM. 

AL te sat of our observing period 
Uranus is too close to the Sun and 
00 low in the sky to be seen well 


hard to see, You might need a palr 
tout from the 
ound sky, an youll 
reed fo havea low, uncluttered 
horizon | 
itatall 


cf binoculars to pick 
bight bac 


have any hope of spotting 


Constellation: Genin 
Magnitude: 17 
AM/PM: PM 

Mats isan easy naked-eye 
evening sky during this issue 
per 


observing 
fooling ke an orange star 

roughly th 
the Poe 


the bi 
twin stars of Gemint, Castor and Peilux 
Mats wil be the sky 
darkens, setting an hour ara half or 
0 ater the Sun, Mars wil have lots of 
pampany this month, Look fora lovely 
escent Moon just four degrees tothe 
left of the Red Planet on 5 June Th 
HniJune, Mas wall have a else 
encounter with Mercury, on the evening 
18 Jane they willbe at thei closest 


visible as soon, 


TY equuteus 


However by the middle of Jane twill 
have polled away from the Sun and 
appear higher and in a darker sky 
too, rising an hour and a bal before 

it sot will be worth a try if you are 
determined to see i 


aL 


Find a crater named after one of the 


greatest astronomers of the 17th centui 


The slant craters on the Moon are 
named, appropriately, after the siants 
fof astronomy and science Blasted out 
‘ofthe Mos crust by the increiby 
‘violent impacts of asteroids and ever, 
Tango objets, thousand of grt, 
sping pits with steep walls ane 
mountains in thelr centres bear the 
names of legends such as Copernicus, 
Tycho, Kepler and many more 

Inga prety safe bet that if you Mick 
‘your eyes down any ist of names at 
the back of book detailing the history 
‘of astronomy and ple ane just at 
random. any tarsazer who contributed 
to the increase of our astronomical 
‘knowledge and our understanding 

‘of ctr place in the universe, youl 

find they have been immortalised on 
the surface ofthe Moon with a crater 
‘named in their honour, Many names 
yo know: many you wont, 
FBlaldus crater is named after nein 
the later group, 

Ismaél Bulialdas was one ofthe 
‘most famous astronomers ofthe [7th 
‘encury. Living and working in France, 
‘he was born i 1605, just ive years 
‘before Galileo turned his first crude 
telescope on the night sky, start 
‘wile eved at moons in obit around 
Jupiter, ranges of jagae mountains 


82 


‘nthe Moon and a myriad of stars 
hismaked eye could not see on 
leven the clearest, darkest night, and 
revolutionised cur view ofthe universe, 
He went on to publish five important 
hooks on astronomy ard was a 
‘member of the Republic of Letters 
17th century group for intellectuals 
‘whose members exchanged letters 
‘and ideas. He comresponced with such 
tans as Galileo, Huygens andl Fest, 
‘andl was an enthusiastic supporter 
‘ofthe revolutionary work of Galea, 
Copernicus ane Kepler. Sots only fir 
there’ a crater on the Moon rained 
after him, tm sure yout! agree 
Bllaldus can be found near the 
‘western shore of Mare Nubium, the Sea 
‘of Cloud just off to the side of ane of 


the Song bright rays of debris splashed 
ct by the impact that formes! Tyeho, 
‘many hundreds of kilometres to the 
south, As lunar craters go Bullialds 
Ist apa, batt no pinprik ether 
With a diameter of 6 kilometres 38 
Fs) two-thirds the diameter of 
‘more famous Copernicus nel only 
quarter the sizeof enormous Clavius, 
but it offers telescope-cwning hinar 
‘observers a fine sight In eyepieces and 
can be seen easily through a par of 
binoculars too, 

‘Av high magnification Bulliakus 
resembles Copernicus roughly 
‘cular surtourde by a rampart of 
‘matesal and its walls are steep and 
broken into many ledges shelves and 
terraces. has a hummocky flor with 
Aastiking central peak that is actually 
grouping of four individual peaks, 
Biving tthe appearance of a fourteal 
"lover when illuminated from certain 
angles. High magnification reveals 
A ro of smal impact craters on the 

rate loo to the next of these peaks, 
shaped, some think ke the brightest 
‘tars ofthe constellation of ies 

Forsucha smal crater Bulialus has 
certainly been inthe headlines aot 
Jn 2010 NASAS Lunar Reconnaissance 
Ctbiters cameras zoomed in an the 


Top tip! 


when it is near the 
terminator, not at 


full Moon, when i 
will stand out 
auch mate 


dramatically from 
the lunar surface. 


suri ofits central mountain 
peaks and took spectacular photos 
showing them covered with bright 
piles of boulders rocks and stones, 
‘debris thrown up onto them either 
ty the impact that created the crater 

‘or impacts which blasted out craters 
tours Ant August 2013 NASAS 
IM? instrument onboard Indias 
Chandrayaan una etter discovered 
‘ater deposts within the crate, locked 
‘upnits rocks, 

‘So Whe can you se this crater for 
yourself? At the start of aur observing 
period the Moon willbe approaching, 
fs las-quarter phase so Buliaks 
‘willbe fully urinated Through a 
telescope i will resemble a bright ting 
vith a dark interior ane bright central 
poss The terminator will sweep 
‘owards it on 28 May, ane on that 
evening it wil ook very striking in 
the fav sunlight before the terminatoe 
crashes avert the fllowing day an 
itvanishes, We wont see the rater 
again until 13 June when it will emerge 
fom the kinar night ancl will again 
Joo striking through a telescope: Fully 
‘uminated again on 15 June, the crater 
‘wil turn to looking ike a bright 
offe-cup stain ring on the shore of the 
Sea of Goud 
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STARGAZER | 
Naked eye targets, 


If you can stay up late enough for it to get dark, 
June's night sky offers some fascinating treats... 


Messier 92 

This globular cluster, more than 100 light 
years across, is overshadowed by bigger, 
brighter M13 tots south, but isa beautiful 
‘object in its own right. A pair of binoculars 
‘wil show it asa tiny, smoky ballon clear, 
Moon-ree nights. 


‘Often called The 
Double Double’ Epsilon 
Lyrae'sapairoffith 
magnitude stars, very 
lose to brillant Vega, 
that some keen eyed 
‘observers can split with 
the naked eye under 
perfect observing 
‘conditions, but most 
people need binoculars 
to plt the very 
attractive par, 


Vega (Alpha Lyrae) 

Shining at magnitude 0, Vega isthe fifth 
brightest star in the sky. Nicknamed The 
Harp Star, itis strikingly bright blue 
White star that lies 25 light years from 
Earth. 12,000 years ago it was the pole 
star, and will be again in the year 4,500. 


The Hercules Globular Cluster 
(Messier 13) 

Discovered by Halle in 174, this ancient 
‘lobular cluster Is one of the most 
‘beautiful objects in the sky. A mass of 
‘perhaps a quarter of a milion sta 

23,000 light years away, itis visible to the 
naked eye as a tiny smudge. Binoculars 
will provide clearer Views, 


The Ring Nebula (Messier 57) 
‘Through a pair of binoculars this planetary 
‘nebula, more than 1400 light years away 
from Earth, looks ikea tiny pale-blve star It 
{san expanding shel of gas and dust being 
‘blown out by a star nearing the end of ts lifer 
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Bee aph a Wis 
ethane rec: 
fas worlds 


When two planets shine close together in the sky it's always a 
special sight. But when the slim crescent Moon crashes the party in 
the sky after sunset the result is something truly magical... 


You'll need: 
V DSLR camera 
/ Standard 50mm 
or wide-angle lens 
Y Sturdy tripod 
Cable release 


Photo:processing, 
software 


ns “One of the easiest and prettiest 
cmswunien things a stargazer can see” 


sacazn 
Photograph a twilight conjunction, 


Getting the perfect shot 
Be in the right place at the right time 


ome that show net only the Moon's crescent andl 


space@spaceanswers.com 


yer ata on spd and y of test shots using 


Set up early Take test shots 
‘ussharply on the crescent Moon, Z a 


ven Yo caf ee Maso Mercury yet 
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Deep sky challenge 


Hidden wonders of 
Hercules the Hero 


There's more to this constellation than M13, the most 
beautiful globular cluster in the northern sky 


NGC6210 


STARGAZE) 


Deep sky challenge, 


NGC 6229 
ishinth-m: 
for ML3, but i can be tesolved at hig 
fications into a small, smoky ball 


y from 
jeplece the Th magnitude 
galaxy is smal elongated smu 


NGC 6916 

‘Youll only see hints ofthis Vath-magnitude 

pital galaxy’ tightly wound arms though a 

telescope under a perfectly clear and dark sky 
Iris an amazing 460 milion light years 


NGC 6210 
ring can be seen through sal telescopes, bu 


[ONec e181 
thsi 
rion light years from Earth, Magnitude 116 
youll need al pe adark sky and high 
magnification to resolve ping Spa arms 


NGC 6482 
Irene tourna eo 


Necetst 


e Norther 
emusphere 


Those longing for a wide variety of targets to track 
down won't be disappointed - despite lighter nights 


Ths June all you need! the naked eye to spot some ofthe exquisite close 
approaches between the Moon anda selection of planets in our Solar 
System ~ most notably Jupiter and Venus swinging by our natural satellite 
during various times of the month. The King of the Solar Syster also 
heads for opposition on 10 June, offering itself as an excellent target for 
those wanting to observe its surface detail o ts largest Galilean moons ~ Io 
uropa, Ganymede and Callisto - with binoculars ota telescope, 

IM youre keen to get stuck into observing nebulae, galaxies and star 
clusters you wil find that there a modest amount of these targets to et 
Your teeth ito, too, despite the lighter nights 


| mis chats for use at 10pm (ast) 
| mig month and fet for 5" attade 


Hold the chart above your 
heal with the bottom of the 
page in front of you. 


sngnno3 


| Fae sou and nore 
that north on the chart 

| ‘s behind you. 

| 

| 


The constellations on the chart 
should now match what you 
see inthe sky, 


Sirius (1.4) 
-0.5t00.0 
0.0t00.5 
05to1.0 
10to 1.5 
151020 


2.0to25 
5to3.0 
3.01035 


Open star clusters 
© © Globular star clusters 
Bright diffuse nebulae 


Planetary nebulae Observer's note: 
The night sky ast appears 
Galaxies on 16 June 2019 at 


approximately opm (8ST) 
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The Northern Hemisphere 


HINON 


STVaNVaO ry 


av 
¥ a 
Yow 
vsun) 
o>vyg ce - 
wary 


Messier 12 


SERPENS 
CAPUT 


‘Omega Nebula (Messier 17) 


fSTARGAZER. 


Astreshots _ 


Send your OS red images to lofi the month _ 


Space@spaceanswers.com for a chance - 
to see them featured in All About Space 


Trevor Jones a 
Onan, Cnaa — 
Telescope: . 
Explore Scientific ED8O 
refractor . 
“Ihave enjoyed many : 
‘beautiful nights under 
the stars over the 
‘After joining the local : 
‘lub in my area, RASC Niagara, . 
Hearnt aot about astrophotographyina—* « 
short perid of time, Whenever possible, ; 
ke to set up my telescope and take 
images of deep-sky objects to share on 
‘my astroimaging blog, 
‘My shot ofthe Andromeda Galaxy, ‘ 
also designated Messier 31, s one of my ‘eo 
favourite images to date | took this image 
at the CCCA Observatory in Wellandport, 
‘Ontario, under exceptionally clear skies 
= It combines over three hours worth t 
‘of fourminute exposures with a Canon 
4500 DSLR camera, 


Chris Grimmer 
Norwich, UK 
‘Telescope: Celestron C9.25 and 
Wiliam Optics GT-81 refractor 
‘My rdute into astrophotography 
PPA started acoupleof yrs back 
gr ‘when, one night in my local pub 
OA | aiscovered thatthe landlord's 
son owned a telescope, So, in the eatly hours of 
‘the morning, we headed outside tothe car park to 
‘observe the night sky. 
1 soon paid a vist to my local astronomical 
society and, the fllowing day bought my 
fist ‘scope. Ihave always been imterested in. Ny 
‘Photography, s0 it wasn't ong before | had modified 
' cheap webcam and achieved my frst image of 
Jupiter. twas then that the astronomy bus really 
fit. From that point onwards my kit became rapidly 
‘upgraded, to the point where not a month passed 


x 


‘Andromeda Galaxy 
(Messier 31) 


Veil Nebula, (NGC 6969) 


STARGAZER 


Your astrophotography, 


Andy Li 
West Sussex, UK 
s Telescope: 
Se) 27mm Sky-Watcher 
WG Matsutov-cassegrain 
"ive on the West Sussex 
CCoast and was bitten by 


the astronomy bug about 
‘2 months ago when my wife bought mea 
telescope for Chistmas, | took these images 
through a 127mm Sky-Wateher instrument, 
‘hich | have put onto a SkyProdigy alt azimuth 
‘mount. The camera | used was a Neximage 

1 that i essentially the same as a Philips 
'SPCSOONC webcam. | used a 2x Barlow lens for 
the image of Jupiter where the Great Red Spot 
can be seen, as wells the large, Galilean moons 
oand Ganymede: 


King ofthe Solar System, 
‘as piant Jupiter 


Paolo Porcellana Prominence on the 
Castiglione, Htaly Lo asielaabea] 
Telescope: 150 truss homemade 
refractor 
‘When | finaly saw through my 
ew tolescope after months of 

] wating | couldn't believe my 

& ‘eyes - the details and contrast 

In Healpha were great and | enjoyed the view. 

forgetting 

to capture more images. The main active region 

Visible that day was captured at a focal length 

of three metres (9.8 feet) using my homemade 

refractor and a PYG Chameleon Mono camera with 

a DayStar Quantum 0.54 iter. 

"Thanks tothe brightness of the prominence, | 

ould also image detais ofthe disc surface before 

spitting the post processing elaboration to reach a 

comparable level of luminosity and contrast. then 

added colour dighally 


Send your photos to.. @spaceanswers @ space@spaceanswers.com 
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Omego 


Migh yMak 60 


Highly portable, simple to use and ideal for beginners on a budget, 
this small telescope is an excellent introduction to astronomy 


‘Cost: £86 (11,95) 
From: astroshopeu 

‘Type: Maksutov-Cassegrain 
Aperture: 2.36" 

Focal length: 2756" 


If yout looking fora telescope thats easy to 
carry and set up for your very frst venture into 
‘observing, or if you have children that have been 
hhasling you fora telescope but you don want to 

end a fortune on a scape or @ hobby that could 
1d up being a fad. then the Omegon MightyMak 
60 ks a worthwhile option to consider 

Fora low price, manufacturer Omegon provides 
‘wo types of maunt,a table tripod and a Dobsonian. 
ideal for quick nightsky viewing, a Kellner 
25mm eyepiece and a handy sleek transport bag, 
Unusually however, there dirit seem to bea 
finderscope or red dot finder to assist with finding 
objects, something that may hinder a novice 
astronomers observing se ange degree 
For the purpose ofthis review, we attached an 
inhouse ted dot finder to the telescape in arder to 
test sufficiently. Overall the MightyMak 60 is very 
Well built and the tube in particular is of superb 
quality, The build of the table top tripod doestt 


sicem to suppent the tube well without severely 
tightening the pan handle The MightyMak 60 is 
sufficiently packaged in bubble wrap to ensure safe 
transportation, The flip-iop dust cap isa nice ouch 
and ved tothe telescope’ objective lens. However 
Wil it ensues that you dant lose ths important 
acessony we can see that it can be a hindrance 
while observing,- particularly on a windy evenings. 
‘We selected the sturdier Dobsonian mount for 
‘oui observations, Setting up W: 
within moments we got stuck into targeting a 
selection of objects With iis small aperture, the 
MightyMak 60 is only really suitable for observing 
Solar System targets and the surface ofthe Moon 
hight a those just breaking 
into observing the night sky Slewing from one 
region of the sky to the other, we enjoyed the 
smooth operation, while t sil gives just the right 
amount of resistance for stability when observing 
‘chosen targets, With Saturn and Mars recently 


a breeze and 


jecomnmended targets f 


‘Above: 
‘The MightyMak 


60is: 
for afocal 
photography 

or basic 
astrophotography 
withan 


‘The MightyMak 
{60 is supplied 
with ared dot 
Finder to assist 
with navigation 
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Telescope review/" 


nesticoo ff Best for. 


rates HE) seat ie 


a 
dhe 


sulicently © erse seri 
supported by Bones 


reaching opposition, we quickly located te pair as 
yell 
‘ther inthe co 


gh and red ‘stars’ not oo far apart from each 


tellations of Sagittarius and Taurus 
respectively, while Jupiter proudly shone 
sar in the constellation of Ophiuchus 
‘We made Jupiter ous fist earget, which appeared 
26 a bright disc: By using averted visi 
could make out two of ts prominent bands, 
an impressive fet given the small aperture of 
{his ‘scope, The MightyMak 60 allows for b 
astrophotography, which we took advant 
revealing much mote subtle detail across the gas 


ior, Three ofthe planet's four Galean 
visible duting our observation: 
s lined-up points of light either sie 


appearing, 
of Jupiter's limbs, The MightyMak 60's clarity is 
Impressive, with no chromatic aberration ~ oF colour 
fringing. visible on the edges of such a bright 
‘object. Mars appeated as a small salmon-pi 
disc over the southern horizon while th 
ringed giant stole the show. Whi 
Views of the planet were small in 


the field of view: we were blown 
away by the planet's majestic 
rings While conditions werent 
favourable enough to pick out 
the Cassini Division without 
the aid of photography 
‘equipment, the MightyMak 60 
surpassed expectations, The 
anual states thatthe cope 
isnt very useful in observ 
ip-sky objects. While on the 
‘whole this is true ofthis dk 
ecope its capable of picking 
Clusters, as well as bright nebulae 
The MightyMak 60 is a very good ‘scope for 
those wanting to get into astronomy without 
breaking the bank: Being suitable for terestrial, 
‘views, the ‘scope also doubles up for terrestrial 
viewing, adding more bang for your buck. While 
the set-up came incomplete without a finderscope 
and could have been supplied with a few more 
accessories, the MightyMak is versatile and suits 
2 wide range of eyepieces and filters. While there 
are cheaper instruments on the market of a more 
substantial size, this ‘pint-sized! model has an 
advantage thanks tits portability 


vy 


FREE 


$ Tet 
B women’s HISTORY OF 
—ae ~ Ta le NASA 
mh eBOOK 
| Was FOR EVERY 


tug READER! 


'No other omganisation has ever 


ules and 


OMEGON MIGHTYMAK 
60 TELESCOPE AND AN 
ASTRONOMER'S TALE 


On offer is a powerpack telescope, as well 
as the story of a stargazer's journey 


The MightyMak 60 is a compact piece of kit ‘Along with the MightyMak we're also giving 
that offers impressive magnification power, This. away An Astronamer’s Tale: A Bricklayer’s Gude to 
“Maksutov-Cassegrain Instrument i capable of the’ Galaxy, by Gary Fildes. This entertaining read 
observing nature and animals, as wells the night contains the memoirs of how Fildes went from a 
sty. Its aperture size of 60 millimetres 2.4 inches) bricklayer to the founder of his own observatory, 
and ratio of f/1.7 means W's great for not only the Kielder Observatory n Northumberland. While 
‘observing, but also photographing both nature and you wait for dark skies to reveal a plethora of Solar 
night-sky objects such as the Moon, planets and System and deep-sky targets, dip into the inspiring 
bright stars. astronomical story in the meantime, 


To be in with a chance of 


winning, all you have to do is | Congratulations 
to Tom Garwood, 


ray 


answer this question: vichws . 

of the Sky-Watcher 

StarTravel102 

telescope! 
A: ARTEMIS: —_— ~ 

: Enter via erat 
HA re space@spaceinswers.com or by post to Download now at http:// 
C: Lunar Reconnaissance iter All About Space competitions, Richmond House, 
33 Richmond Hill, Bournemouth, BE2 GEZ ae | oe cere corn! 


AHB2022.ebook.pdf 


ithe we fl nt ai comin a apace cm comets 


FOR PEOPLE WHO ® RETRO GAMES 


www.retrogamer.net 


ON SALE NOW 
Burnout: The Inside Story #% The History Of Guilty Gear #% Mega Sg 


BUY YOUR ISSUE TODAY 


Available at www.myfavouritemagazines.co.uk 


Gj toctookconevosameik [5] titeroonevocamer Map 


I ] He The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


alton Books 
ular Journey into Space certainly is just 
+ into the natural wonelers found inthe 
aturing the brillant objects and machines 
and will go - ito space, The unique 
‘le-cut format lets the stunning photos leap off the 
page, forming a gallery of everything from stars and 
rovets to telescopes and probes, From the Space Shuttle 
to the Space Launch System, th 
to discover with every turn of 
doubles, 
moving throug 


something new 
page. The pages are 
inning with the Sun before gradually 
he planets ofthe Solar System, and 
featuring the International § ong. with a 
variety of space corporation 
‘While this book wall be adored by anyone wl 
eithuslastic about space, the book 
ne appreciated by the young who 
abou the universe, Thanks to the die-cut page 
allow you to pop out sections, turing the 
uly discover space as yo 


seer i before, 


App 
Cosmic Watch 
Cost: £399 

From: tries 


Cosmic Watch fsa 3 planetarium. an AR sky gui 
and a clack, This powerful educational tool renders 
‘sunning graphics of the Barth and sky in eal time 
tsa playful introduction to astronomy, 


icin 
ity. Getto know the constellations, 


Cosmic Watch combines basic principe 
astronomy wth time measurement 
journey through space and time while providing 
reabtime ition in the 
cosmos, Cosmic Wateb 20 caleulates important 
astronomical event 
cosmic phenomena, 
Gasntic Watch is fr everyone who loves the 
planet Earth or wishes to unlock the secrets of the 
celestial vault. 'sa musthave for nature lovers 
and outdoor adventures, amateur astrenamers and 
advanced stargazers, 


deliv 


lisations of your 


o you never miss the next 
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In the shops, 


including the 
lar System, 


“Tt creates a 3D 
planetarium of the 
entire universe from 
real data" 


a community in Sms 
lands, It also contained a 
fent Jimmy Carte 


Bykovsky 


He was one of the 
first generation of 
cosmonauts, 
totalling over 20 
days in space 
27 March 2019 saw the las of 
the influential Soviet Union 
cosmonaut Valery Bykovsky at 
the age of 84. His contributions 
ace programme 
nf the Space Race 
ay fr future 
Sill holds the record 


for the longest solo spaceflight, 56 
Years after the mission 


His family had to move around a lot 
Jue to the outbreak of World War 

TL Pursuing a caroor as a pilot, in 
Nowember 1955 be pra 

Kachinsk Military A\ 


aviation adventure 
Ie wasn't until he was 26 yeats old 
that he began cosmonaut taining 
He was 
fist crop of 
1960 alongs 
wi sd to Vostok 5. He piloted 
Vostok 5 when it was lauriched on 
14 June 1963. He was the Soviets 
{ith person in 3 
tith overall, He spe 
conducting science exp 
photographing Earth's beautiful 
and recording his body's 
ragravity felt at 


Gayarin and 


planet, 
fellow 


6 They 
flew in tandem and came as close as 


es ahre 
spaceflight 
eight days, ba 
And unpredictable solar 
= fare activity - which could have had 
potentially dire consequen 
spacecraft electronics ~ the mission 
jas ended after four days, 23 hours 


five kilo 
ther. 


98 


"He was selected to be part 


of the first crop of cosmonauts 
in March 1960 alongside 


Yuri Gagarin" 


and seven minutes. ‘This mission 
holds the record forthe longest solo 
spaceflight in history, bat Bykovsky 
did not stop there. 

lis nextspacefight came 13 


Soytz 2 mission, but due to several 
problems dui 


the mi 


in Sopeennber 1975 Bykowsky flew 
with fellow cosmonaut Vladimir 
Aksy 
later he 
orbital flight when he. 
the Salyut 6 space station as part of 
the Soyus 31 mission along with the 
East Germat: Sigmund Jah. 
Unfortunately his death leaves 


ed ont 


only two cosmonauts from the 


we go unnoticed 
1s named Horo of the Soviet 
Union and awarded the Order of 
Lenin and the Order of Red Star 
two incredibly prestigious awards 

for his efforts 


LIMITED EDITION PEN & abe SET 
WITH SPACE FLOWN MATER: 


FISHER SPACE PEN CO, 


inched on July 16, 1969, the spacecraft carried 
aoe Neil A, Armstrong, Command Pilot Michael 
Collins and Lunar Module Pilot Edwin “Buzz” Aldrin, On 
July 20, at, 4:18 pm EDT, while the entire world held 
its breath, the lunar landing craft named Eagle 1 safely 
‘touched down. Several hours later, Armstrong and 
Aldrin became tho first humans to stand on the moon 
while Collins orbited above. 


te 
‘To commemorate this great event, Fisher Space Pen Co. has issued 


500 Limited Edition AG-7 Space Pens, each one featuring actual, 
‘authenticated material from the Apollo 11 Spacecraft. The space 
flown matotial is “Kapton” foil, and it served as a protective thermal 
insulation for the Command module Columbia, This rare artifact 
floats in a water-clear acrylic dome sealed into the pen's cap, This. 
exquisite collectible is further distinguished with a black titanium 
nitride finish complemented with fine engravings plated-with 24 
karat gold. The diamond Cut engraving includes an American Eagle. 
landing on the moon, histori¢ dates, Apollo 11 50th Anniversary text, ~~ 
‘and the serial number for each of the 500 issues. Me 


Since 1968, the Fisher Space Pen has been issued to astronauts for 

NASA manned space fights and is stil used today. Now, 500,peanla 

have the rare opportunity to own both the pen that went to the moon FR 
jine artifact from the most Wstaric 


GBA Pen Company LTD - UK and European Distributor - 01245 225758 - www.fisherspacepen.co.uk 


g Performance 


i ‘|| © |) ¢ Precision and Value 


Sky-Watcher is a First-Class telescope brand offering an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


PARABOLIC REFLECTORS ~ PREMIUM FEATURES 


tre premvan quality Parsll Primary Marors to 
highercootast images wich are fall of 


144mm (4,5") F/500 


PARABOLIC NEWTONIAN REFLECTOR TELESCOPE a 7 


EXPLORER: 13 ‘plore 1304 
130mm (5.1") F/650 PARABOLIC NEWTONIAN 
EXPLORER. REFLECTOR TELESCOPE 


Prod Gade 1OFI2 


COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 


e 
/ 
T J Of as well as Helptul Information & Advice 
Ua Sy he ane est Order Your FREE Cony Tod: iB 


‘Our Products are Available trom Dealers throughout the UK Please contact us, of Check our Website for your Nearest Stockist 


OPTICAL VISION LTD aortas an Oebuas Sy Wateer 
UNIT 3, WOOLPIT BUSINESS PARK. OPTICAL Vision LimiTED 


‘Astronomical Teloccopee, Heliog, Acuter 
WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK 1P30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 


